
UNCLASSIFIED

AD NUMBER

AD875875

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Operational and administrative use; Feb
1970. Other requests shall be referred to
Research and Engineering Directorate, U.S.
Army Missile Command, Restone Arsenal, AL,
35809.

AUTHORITY

USAMC ltr, 15 Nov 1972

THIS PAGE IS UNCLASSIFIED



fL

~ ANALYSIS OF THE AXI!S'Vf1MMC BASLPRLSSURUi AND)
ISASE-TUMPERATURr. PROBLLM WITH SUPE:RSON IC

INTERACTING FREI:STHLAM NOZZLE FLOWS BASLI)
ON 11W FLOWN1ODEL OF KORST, FT AL.

PART III: A CO.MPUTER PROCRAM AND) PI.PRUSIN1 A1VI RLSULTS
FOR CYLINDRICAL, IY)A11 AILED,

OR FLARLD AlI'LRBOMLIS

b v

umtract No. i)A*O1-021 AMC-139U2 (Z)
UiJ versity of Illinois at Utzba m - Clim I pd Mign

U~rbanaz. Illinois 01 801

February 1970)

n-k.t

[) j1



February 1970 Report No. RD-TR-69-14

ANALYSIS OF THE AXISYMMETRIC BASE-PRESSURE AND

BASE-TEMPERATURE PROBLEM WITH SUPERSONIC

INTERACTING FREESTREAM-NOZZLE FLOWS BASED

ON THE FLOW MODEL OF KORSTL ET AL.

PART III: A COMPUTER PROGRAM AND REPRESENTATIVE RESULT';

[OR CYLINDRICAL, BOATTAILFD,

OR FLARED AFTERPODIrTS

b)y

A. L. ADDY

Contract No. DA-01-021-AMC--13902(Z)
University of Illinois at UrLaia-ChaT:paign

Urbana, Illinois 61801

AMC MANAGEMENT STRUCTURE CODE NO. 522A.11.14800

DA PROJECT NO. 1M2623OeA206

ihis document is subject to special export control.
and each transmittal to foreign goverumnenta or foreign
nationaZs may be made only with prior approval of this" ~C',,h: and, ATTN " A tSM YRDX.

Aerodynamics Branch
Advanced Systems Labovai~r7

Research and Engineering Directorat-
U.S. Army Missile Comma.nd

Redstone Arsenal, Alabama 35609

-J I



,I

ABSTRACT

The computer program presented and discussed in Part I of
this report for analyzing th axisymretric base-pressure and
base-temperature problem with interacting supersonic free-stream
and propulsive-nozzle flows has been improved and generalized to
include the analysis of an afLerbody upstream of the base region.
The afterbody geometries considered are: cylindrical, conical,
parabolic, and tangent-ogive boattails and conical flares. The
FORTPA4 IV computer-program listing, as well as detailed infor- 11
mation on program development, organization, and usage, are in-
cluded herein. Theoretical afterbody and base-pressure results4 are presented for parametric variations in afterbody geometry
and flow variables. In addition, a limited comparison between
theoretical and experimental conical-afterbody and base-pressure in
data is made.
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NOMENCLATUREt

I. SYMBOLS

Computer
Text Program Definition

a ,a2 ,a  COEFFI, Coefficients in the mass and energy
COEFF2, transfer rate equations due to mix-

j C0EFF3 ing

A Area

A,B,C A, .C Coefficients in the second-degree
afterbody equation

C1 ,C2 ,C3  C1,C2,C3 Coefficients in the afterbody pro-
file equation

c Local speed of sound
2 )2

C CSQD--tt Crocco number squared, (U/U
d' ma x

Cnr CNR-- Ratio-of Crocco numbers, C d/C

Cp Specific heat at constant pressure

C CPB,CPCPBT Pressure coefficient,
p

C C Y

CD  CDB,CDCDBT Drag coefficient,

C = -C [l - (R /R ) ]

CT  CT Ideal propulsive-nozzle thrust co-T efficient,

C 1 YE I' E I Iij M*T R\2E/' / 2 IF
D-- Diameter

Energy transfer rate per unit widthJ _for the 2-D turbulent mixing region

* 1. CLCLATURE from Part 1 ,[i, has been included herein for corn-

"- ."i" , that additional alphanumeric symbols may be added

. . . . . .. .- - cat ion, e.g. corresponding to subscript notation.
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Computer Definit ion
Text Program

Approximate energy transfer rate
due to mixing along the axisym-

metric boundary

L Energy transfer rate into the

.4 base region

CReference energy transfer rate

NI based on an ideal propulsive nozzle

I0 ,f) Functional notation

"I etc.

9C 
32.174 [lb -ft/lbf-sec

g Mass entrainment rate per unit width

for the 2-D turbulent mixing region

Approximate mass flow rate due to

entrainment by the axisymmetric mix-

ing region

c The "bleed" mass flow rate into the

base region

GN 
Reference mass flow rate for an

GNI ideal propulsive nozzle

I1 ( C2 , -a) E13--- Mixing integrals
0- , r" 2 P1 3---}

Ii N0PT Input-optiofl variable

EMN --- Mach number, V/c

.Z EMS--- Mach star, V/e '

NPUNCH Output-opti on variable

NSHAPE Afterbody shape specification variable

p p------ Absolute pressure

r REC0MP Recompression coeific'ent, Eq. 
(2)

R R---- F adius

GC Gas constant, [lb -ft/l' -°RJ

vii
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Computer
Text Program Definition

-. PNF Nozzle-to-freestream momentum
flvx ratio

o ,S TJML- Mixing length along the "corres-
ponding" inviscid axisymmetric
boundaries

T T Absolute temperature

U x-component of the velocity

v y-component of the velocity

V Magnitude of the velocity

xy Intrinsic coordinates in the 2-D
mixing region2

X'AR X--,R-- Longitudinal and radial co-
* I ordinates for axisymme-ric flow

,-BETA--, Geometric flow angle
I BETD--,

ANG---

GAMM4A- Ratio of the specific heats

F_ E9' , 2  Small positive quantities

11 ETA-- Dimensionless coordinate in the
mixing region, (oy/x)

Di ETAM Dimensionless shift of the 2-D
mixing profile

THl-, Flow adgl-ta

oSIGMA- Empirical mixing parameter

P Density

A TR-0-- Stagnation temperature ratio

PHI-- Velocity ratio

KJLi' *x



11. SUBSCRIPTS

Computer
Text Program Definition

Adjacent inviscid flow; limiting
location on the "positive" Fide of
the mixing region

b Adjacent quiescent region; limiting
location on the "negative" side of
the mixing region

...--- B- Base region

BE --- BE- Boundary, external

BI --- fj- Boundary, internal

BS Base-pressure and base-temperature
solution

B"I,BT2 --- TI,---T2 Initial and terminal points on the
'14k boattail, respectively

d --- - Discriminating streamline

E --E-- External (free-stream) flow

F Flare

1.-" internal (nozzle) flow

imp ---IMP At impingement point of the "corme-sponding" inv,*scid streams

j....-U- Jet-boundary streamline

LMAT --- LMT Limit *ng value

4MAX ---- MX,---frAx Miximum value

MIN -... IN Minimum value

o ....-4- Stagnation conditions

Stagnation conditions for the adja-
urent inviscid flow

oF --- OE- Stagnation conditions for- the ex-
ternal flow



Computer
Text pro'ram' LDefinit ion

ci -- 0!-Stagnationi acrid> tionls for the in-
ternal flow

S -- s Slipline; after, oc~lle Shock

S EP -- E boundory- layer : eparot ion

11 lE---1 nternal or ex-ternal istI'eai's

---- IE geomtetric separation point located
at the terminus of the noz'zle ci
aftcrbodv , re:'pect iveir

2L ---- 2E Initia-l po~int on. the ifterbody



III, BARRED SYMBOLS (Dimensionless Ratios)

Computer
Text Program Definition

LE BLDR,ENGR Dimensionless mass and energy
transfer rates due to mixing

B ', BLDRO, Dimensionless mass and energy trans-
ENGR0 fer rates to the base region

BLE VAR Dimensionless mass and energy dif-
ference function

P PR---E Pressure ratio, P/PE

P PRBE Base-pressure ratio, P /Ps

PRJIE Nozzle exit-plane static pressure
ratio, P11 /P5

PR0IE Internal stagnation-to-external

ci static pressure ratio, PI /E

(GCI/GCE) Ratio cf gas constants, Fk /

T TRB: Base-temperature ratio, TB ! TOE

TTROEI Extrznal-to-int ernal stream
ogstagnation temperature ratio, T oE/T VI

X '11R X1I,RLI Dimensionless coordinates of the
internal stream's geometric sepa-
ration point; XI1 /R 2 E , R11 /R 2 5

X R XIE,RIE Dimensionless coordinates of the
1E, 1E

external stream's geometric sepa--

ration point; X 1E/R 2 E, RIE/R 2 E

2 X2E Dimensionless coordinate of the

25 initial point on the afterbody;
X2E/R2E

'I -

~xii



I. INTRODUCTION

As part of the continuing development of methods and com-
puter programs for aerodynamic design, evaluation, and optimi-
zation studies related to the base-flow problem, the computer
program developed and reported earlier in Part I of this report
series []It has been generalized to include an afterbody analy-
sis in conjunction with the base-flow analysis. The base-flow
analysis is based on the component flow model of Korst, et al.
[23, as modified by an empirical recompression coefficient.
For cylindrical afterbodies, this empirical coefficient was de-
termined by a detailed correlation of theoretical and experi-
mental data and has been reported in Part I1 of this report
series [3]. Herein, the "corresponding" inviscid flow-field
component of the base-flow analysis includes the option of an
afterbody upstream of the base region. The afterbody and flow-
field analyses are by the Method of Characteristics; the after-
body geometries considered are: cylindrical, conical, parabolic,
or tangent-ogive boattails and conical flares of moderate angle
and length.

Under certain flow conditions, oblique shock waves can oc-

cur at the terminus of the afterbody and/or the propulsive noz-
zle; these oblique shock waves, if they occur, are treated ap-
proximately in the inviscid flow-field analyses. For these
flow conditions, it is necessary to establish an upper limit on
the trial values of the base-pressure ratio in the solution
iteration sequence; this upper limit is established by the on-
set of boundary-layer separation at the afterbody and/or pro-
pulsive-nozzle terminus points. The boundary-layer separation
,riterion used herein is based on an approximate empirical.
formulation developed by Zukoski [4].

A parametric study of the base-flow problem for a repre-
senw tive set of flow conditions and afterbody geometries has
.ee., made; the results of this study are presented herein.
These data are complementary to the parametric study previously
conducted [1] for a cylindrical afterbody. In addition, a
limited comparison is made between theoretically predicted
values and an experimentally based correlation of Brazzel and
.henderson [5] and the experimental data of Baughman and Kochen-
dei Fer [6].

m:: es in brackets refer to entries in REFERENCES.
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II. THEORETICAL FLOW MODEL c
0
b

The flow model of Korst, et al. [2], and the component as- s
pects of this flow model have been discussed in Part I of this o
report series [] and also in consideral , detail in [7]; the
discussion and analyses presented therein continue to he applic- p
able. In particular, the turbulent-mixing component, the solu- s
tion criteria, and the solution-seeking techniques have not been s
modified. The principal modifications made herein have been in
the recompression and the "corresponding" inviscid flow-field
components.

The "corresponding" inv scid flow-field analyses have been A
generalized to include an afterbody upstream of the base region t
and an approximate analysis of oblique shock waves which can oc- c
cur under certain flow conditions. Under these flow coditions, ±
the trial values of the base-pressure ratio are limited by an up- a
per bound which is determined approximately for the onset of 1
boundary-layer separation for either the free-stream or propul- f
sive-nozzle flow as the case may be. p

p
The recompression criterion which is instrumental in deter- c

mining the base-pressure solution ty linking the mixing and
ccorresponding" inviscid flow-field components has been modified

by an empirical recompression coefficient. For cylindrical after- u
bodies, the recompression coefficient has been determined by a ±
detailed correlation of theoretical-experimental data [3]. At c
present, a correlation study for boattailed and flared afterbodies T
similar to [3] is in progress and not yet complete. I

c

The Two-Stream Axisymmetric Base-Pressure Program, TSABPP-2,
presented herein is based on the following analyses in conjunction z
with Parts I and I [1,3], of this report series and [71. The F
configuration and associated notation for TSABPP-2 are given an a
Fig. i; an attempt has been made to retain a notation herein whi h
is consistent with that of [1,3,7].

It should be noted that the uniform-flow free-stream con- c
dition (E) arc uscd as reference conditions throughout the analy-
ses and the computer program. i

A. "CORRESPONDING" INVISCID FLOW FIELDS

The supersonic flow fields are determined by the Method of
Characteristics for irrotational axisymmetric flow. The external t-
(free-stream) flow is assumed to be initially a uniform supersonic p1
stream; downstream of this uniform external flow station, the flow

2
- -- .r- - -



can either immediately separate, as for a cylindrical afterbody,
or continue over a prescribed afterbody before separating at the
base. As before, the internal (propulsive-nozzle) flow is as-
sumed to be from an ideal full-flowing supersonic conical-flow
or uniform-flow nozzle. After the separation of the internal
and external flows, the flow fields are calculated for a constant-
pressure boundary condition and a trial value of the base-to-free-
stream pressure ratio. At the impingement point of the inviscid
streams, if it exists, the oblique-shock recompression system is
determined.

The inviscid flow-field analyses have been subdivided for
convenience of computer program development into two subprograms,
ABTS and ACPBS. Subpi'ogram ABTSt is used for the calculations of
th- flow field over the afterbody while subprogram ACPBSt is for
calculation of the constant-pressure boundary flow fields. The
free-stream flow conditions, the afterbody flow-field calculations,
and the constant-pressure boundary flow-field calculations are
linked, respectively, along characteristic curves which are speci-
fied or determined through points (2E) and (lE) of Fig. 1; the
propulsive-nozzle flow conditions are linked with the constant-
pressure boundary flow-field calculations along a characteristic
curve specified or determined through point (11) of Fig. 1.

The general case of a uniform external (free-stream) flow
upstream of an afterbody is shown in Fig'. 2(a). The afterbody
flow-field calculations are made from the known uniform-flow
characteristic through the initial point, (2E), on the afterbody.
The flow-field calculations proceed from these known data on the
II-characteristic along I-characteristics to the boundary points
on the afterbody surface where the boundary condition of flow tan-
gency is satisfied; these calculations are illustrated in Figs.
2(a) and 2(b). The afterbody geometries considered are: the ogive,
parabola, and cone; the expressions used to define these afterbody
meridional profiles are given in Fig. 2(b).

The foregoing calculation sequence is continued by advancing
along the known Il-characteristic until an I-characteristic is en-
countered which would intersect the afterbody surface after the
terminus of the afterbody, as shown in Figs. 2(a) and 2(c). An
iteration sequence is then initialized to find the I-characteristic

r Program flexibility, the inviscid afterbody and constant-
e ure boundary subprograms only are available as input options.
APPENDIX 6 for additional comments on the function and organi-

ltKon of these subprograms.
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which passes through the terminus of the afterbody. The iteration
sequence is initialized, as shown in Fig. 2(c), by the (i-l)-tb

1-characteristic which intersects with the afterbody and the next
!-characteristic, i i ) , which does not intersect the afterbody
surface. The (i-i) and i( I) points on the known I-characteristic
provide initial bounds on the origin of the I-characteristic which
would pass through the terminus of the afterbody. by continuing
the iteration sequence and successively reducing the bounds, the
iPa) 1-characteristic through the afterbody terminus, (IE), can be

determined to the desired degree of accuracy. The foregoing cal-
culation sequence completely determines the flow field ever the
afterbody; to link the after'body and constant-pressure boundary
flow fields, the II-characteristic through the afterbody terminus
is determined, as shown in Figs. 2(a) and 2(d). This is accom-

plished (see Fig. 2(d) ) by calculating along I-characteristics
from points on the known II-characteristic to the unknown II-
characteristic originating at the terminus of the afterbody. The
desired number of points on this characteristic are determined by
advancing, after the point i ( ) , along the known II-characteristic
and repeating the foregoing calculation sequence. The afterbody
and final afterbody II-characteristic calculations described above
are made in subprogram ABTS.t

For the internal (propulsive-nozzle) flow, [I, pp. 4,5], the
ideal uniform-flow propulsive-nozzle reduces to the trivial spec-
ification of the uniform Mach number and flow direction along the
straight characteristic through the terminus of the nozzle. The
ideal conical-flow nozzle is specified by the constant nozzle
Mach number and the variable conical flow direction along the

known non-characteristic curve through the nozzle terminus. Thus,
the flow field between the non-characteristic curve and the initial
characteristic is constructed to utilize the aforementioned con-
stant-pressure boundary calculation sequence. For the ideal uni-
form-flow or conical-flow nozzles, respectively, the foregoing cal-
culations are made in subroutines UFLOCtt and CNFLCtt after the
specification of the nozzle geometry, specific heat ratio, and the
nozzle Mach ,tumber. UFL0C and CUFLOC are subroutines to subprogram
ACPBS.

tMore generalized afterbody calculations could be carried out if the
known It-characteristic is specified, e~g., as the final II-charac-
teristic from a previous afterbody calculation rather than for uni-
form free-stream flow. Thus, by "bootstrapping" the afterbody cal-
culations, more general inviscid afterbody analyses can be made.

ttSee APPENDIX B for additional comments on the function and organi-
za ion of these subroutine:, and subprograms.

14
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Subprograms ABTS and ACPBS only are available ds input op-
tions; the applicable configurations and notation for these sub-
programs are shown for the afterbody analysis in Fig. 3(a) and
for the constant-pressure boundary analyses in Fig. 3(b).

Shock waves occurring in three instances in the internal or
external flow fields are considered approximately as reversible
compressions in the flow-field analysis. In the afterbody cal--
culations, the oblique shock wave for conical-flare configurations
is approximated by a single-line reversible compression; in com-
parison with more exact analyses [8,9] the results of this simple
approximation appear to be adequate for flares of moderate angle
and length. For certain combinations of geometry and operating
conditions, oblique shock waves can occur at the geometric sepa-
ration points of the internal and/or external streams as a re-
sult of relatively high values of the base pressure. Examples
of these flow conditions would be the oblique shock waves occur-
ring in the external flow field prior to or at onset of plume-
induced separation of the external flow, or for nozzle geometries
with large exit flow angles and/or highly overexpanded nozzle flows.
Fortunately, these compressions are often relatively weak and as
a consequence the oblique shcck waves can be approximated by re-
versible compressions at the internal and/or external terminus
points (1I), (1E) as the case may be.

B. TURBULENT-MIXING COMPONENT

The turbulent-mixing component of the base-flow analysis dis-
cussed in Part I of this report is unaffected with the exception
of the introduction of an empirical coefficient in the recompres-
sion criterion. The empirical recompression coefficient r is de-
fined [1,3] by

r ] >_i(1)Pd

For cylindrical. afterbodies, a convenient expression for r
which gives good correlation betwe(n theory and experiment has
been found to be, [3],

0.483 + l.088R -0.874R 2 0.303R (2)

i111I

i5
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A similar experimental-theoretical correlation is unavailable at
this time for. boattailed or flared afterbodies; consequently, the
value of r = 1 for the unmodified flow model is incorporated in
the computer program. As an alternative, however, r is also avail-
able as an input option.

C. TURBULENT BOUNDARY-LAYER SEPARATION CRITERION

To establish an upper bound on the trial-solution values of the
base-pressure ratio, an approximate empirical turbulent boundary-
layer separation criterion proposed by Zukoski [4] is used,
Z4koski's empirical relationship has the simple form

P EP
1- [ + 0.365M] (3)

Thus, according tc this triterion, the separation-to-local static
pressure ratio is linearly related to the local Mach number at the
boundary-layer separation point.

For specified values of the Mach numbers, MIE and Mi , and
the nozzle static-to-freestream or stagnation-to-freestream pres-
sure ratio, P,! or P01 , the pressure ratios for boundary-layer
separation at locations (1E) and (1I) are estimated for the free-
stream as

(Ps P)E = [1 + 0.365ME] PIE (4)

and for the propulsive nozzle as

(PS) + = [±0.365M (5)
SEP )111 1! (5)

The upper limit imposed on the trial-solution values of the base.-
pressur-e ratio is based on boundary-layer separation occurring at
either location (1E) or (1I) whichever would-correspond to a lower
value of the base-pressure ratio. Thus if (PsEP)E > (PSP )I the
upper limit on the base-pressure ratio is

(PB)NIAX =(P SEP) (6)

or conversely if (PP) c (P ) then
SEP E (SEP )I

(T) =(P )(7)B MAX SEP E

Ii 6



The base-pressure solution range is

(P RMIN " B _< (PDAX

where initially (TB)IN = 0 and (TB ApX is determined from Eq. (6)
or (7). As the solution iteration sequence progresses, both the
lower and upper bounds on the base-pressure solution are changed,
if possible, to reduce the possible solution interval. If a re-
duction in the upper bound on the solution interval and conver-
gence to a solution are not achieved, the iteration sequence is
terminated with boundary-layer separation possibly occurring.

7
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III. COMPUTER PROGRAM

The complete computer-program listingt for TSABPP-2 developed
for analyzing the two-stream axisymmetric base-pressure problem is

contained in APPENDIX A. Many explanatory COMMENTS regarding spe-
cific operational details of this program have been included in the
program listing. In APPENDIX B, the main progrc-, subprograms, and
the varoious subroutines are identified, are ordered according to
their first appearance in the calling sequence, and are briefly dis-
cussed as to their operational function.

The main program of TSABPP-2 is organized according to the sun-
mary flowchart of Fig. 4(a), [i, Fig. 71. Subroutine IN0UT has beensignificantly modified and re-organized from the earlier version

(TSABPP-I) of this program [] to achieve flexibility in the overall
program so that the inviscid flow-field calculation subprograms are
available as input options, to have more convenient input options,
and to provide the option of an afterbody upstream of the base.
The organization of INOUT is illustrated by the flowchart in
Fig. 4(b).

A. PROGRAM INPUT

The input to TSABPP-2 is by cards. A complete list of the avail-
able input variables and their definitions is contained in Table I;
normally, it is necessary only to input a partial list of these vari-
ables depending on the input option selected and the extent to which
the default-configuration data is used. There are four input data
options specified by the variable INOPT which are available to the
program user.

The first input option, INOPT=I, is by NAMELIST/DATA/.tt
Table 2 defines the required input variables, the default-configu-
ration data available, and the data-card(s) format. The second in-
put option, INPT=2, is by NAMELIST/DATA/ and a complete set of
data cards which must specify all variables defined in Table 1.

'tThe program listing is in FORTRAN IV as applicable to the IBM OS
360/75. Program modifications necessary to adapt this program to
an IBM 7094 FORTRAN IV IBJOB system are detailed in APPENDIX D.
The appropriate modifications and their location within the pro-

iI gram are identified by the program-identification name and card
number in columns 73 to 80.

l fttThis input is used for the IBM 0S 360/75 FORTRAN IV version. See
APPENDIX D for the necessary modifications for the IBM 7094 FOR-
TRAN IV version.

i'8

I4,



Table 3 defines for this input option the variable locations and ddta-
card formats. The foregoing input options (IN0PT:1,2) are used for
complete base-flow solution calculations.

The third input option, IN$PT=3, is by A4XELIST/DATA/ for the
calculation of internal-flow constant-pressure boundaries only.
The required input data, the default-configuration data, and the
input data-card format is specified in Table 4.

The fourth input option, INOPT=4, is by NAMELIST/DATA/ for
the calculation of the external flow field only. The calculations
include the afterbody and/or constant-pressure boundary flow-field
calculations as specified by the input data. The required input
data, the default-configuration data, and the input data-card
format is specified in Table 5.

B. PROGRAM OUTPUT

The program output is in printed and an optional punched form.
For a given configuration, the printed output data can be obtained
at the option of the user in one of three levels of detail by speci-
fying the print parameter NPRINT. The short-form printed output op-
tion, NPRINT=-I, consists only of the data required to specify the
configuration, the current case, and the corresponding theoretical
solution. The more detailed printed output options, NPRINT=O,1, in-
clude, in addition -to the foregoing data, the iteration-step data.
A detailed outline of the data printed for each value of the print
parameter is given in Table 6. The optional punched output data,
NPUNCH=I, summarizes the theoretical base-flow solution data for
each input configuration and the cases considered. The punched out-
put data is summarized in Table 7.

C. PROGRAM ERROR MESSAGES

Various program error messages can be generated during the base-
flow solution iteration sequences. These messages are intended as
iriformation for the program user and, as such, do not, in general,
require iny action by the user. The error messages are divided into
three catgories:

i. Messages generated during the iteration sequence for the
base-flow solution. For these cases, convergence to a so-
lution is achieved and as a consequence, the error mes-
sages are not significant.

ii. Messapes generated as a result of non-convergence to the
base-flow solution. These messagus indicate the problem
areas encountered and why a solution could not be achieved;
the solution iteration sequence is terminated.

IP 9
__________________________________________

I I I- I I I_ .. I I "1_1 I .. i" i '.- .. . .



iii. Messages resulting specifically from the inviscid flow-
field calculations. The most common errors giving rise
to these messages are excessive "foldback" of the char-
acteristics network due to wave coalescence, non-conver-

gence of a unit-process calculation, or compressions de-
veloping in the flow field that would give rise to locally
subsonic flow. The flow-field calculations are terminated.

The origin and an explanation of the various possible error
messages generated hy the program and subroutines during execution
are given in APPENDIX C. The messages are duplicated therein,
referenced to the subroutine name, and ordered according to the se-

quence numbers aLsigned in APPENDIX B.

I
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IV. REPRESENTATIVE THEORETICAL AFTERBODY AND
BASE-FLOW SOLUTION RESULTS

Representative parametric afterbody and base-flow solution
data are presented herein to demonstrate the qualitative behavior
of the theoretical solutions over a range of geometric and flow
variables, to demonstrate the capabilities of the component-model
based computer program, and to complement the parametric base-flow
solution data previously presented [1]. The trade-offs and inter-
actions between the afterbody and base-flow components are of par-
ticular interest from the standpoints of possible afterbody-base
drag reduction, as well as overall system optimization.

Theoretical-experimental comparisons are limited to a com-
parison with an empirical correlation developed by Brazzel and
Henderson [5J and to a comparison with some experimental data ob-
tained by Baughman and Yochendorfer [6].

A. PARAMETRIC VARIATIONS IN SELECTED GEOMETRIC AND FLOW VARIABLES

For the parametric study of the afterbody-base problem, several
of the variables were restricted to mid-range values usi d in the
parametric study of the base-flow problem with a cylindrical aftcr-
body [i]. In addition, the afterbodies considered were limited to
a one-caliber length; this limitation is not considered to be seri-
ous since other afterbody lengths would be expected to produce re-
sults similar to those presented herein. As a consequence of the
foregoing restrictions, the parametric study has been principally
confined to variations in afterbody geometry. The afterbody ge-
ometries considered are: conical and tangent-ogive boattails and
conical flares; for each afterbody geometry, a series of configu-
rations are considered. The configuration and flow data are sum-
marized in Table 8 for this parametric study.

For each afterbody geometry, the data is presented in a so.
ries of figures which first present -the individual theoretical
afterbody and base-flow results followed by the combined after-
body-base results. The afterody drag coefficients arc presented
in Figs. 5(a), 6(a) and 7(a) for the conical and tangent-ogive
boattails and the conical flares, respespectively; the afterbody pres-
sure distributions which were integrated to obtain the foregoing
afterbody drag coefficients are presented in Figs. 5(b), 6(b) and
7(b) for the respective afterbody geometries. Figures 5(c,d) and
6(c,d) and 7(c,d) present the base-pressure ratio and the base drag
coefficient, respectively, for each afterbody geomtry; included in
each figure for purposes of reference are the data for a cylindrical

ji II!
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afterbody under similar operating conditions []. It is apparent
from Figs. 5(c,d) and 6(c,d) that boattailing can significantly
increase the base-pressure ratio and correspondingly decrease the
base drag coefficient; the opposite behavior is seen from Figs. 7(c,
d) to be the. case for the conical-flare afterbody. For the coni-
cal-flare afterbody, the relative decrease in base-pressure ratio,
although being relatively small, does give rise to a significant
increase in the base drag coefficient. The overall afterbody-base
drag coefficients are shown in Figs. 5(e,f), 6(e,f) and 7(e,f) for
each afterbody configuration. Figures 5(e,f) and 6(e,f), and in
particular, Fig. 5(f) and 6(f), show that the overall afterbody-
base drag coefficient can be minimized by proper selection of the
boattail; in all cases considered, boattailing tended to reduce
significantly the overall afterbody-base drag. For the conical-
flare afterbody, Figs. 7(e,f) show that such an afterbody signifi-
cantly increases the overall afterbody-base drag.

The effects of base "bleed" on the overall boattail-base drag
- Icoefficient are shown in Fig. 5(g) for conical boattails at two

fixed operating pressure ratios and parametric values of the base-
bleed ratio. The overall drag coefficient is significantly reduced
by base "bleed"; however, the effectiveness of base "bleed" de-
creases with increasing base-bleed ratios. The possibility of
minimizing C by the proper selection of the base-bleed ratio and
boattail angle is evident from Fig. 5(g).

Figure 8(a) sunmarizes the overall drag coefficicnt data for
the conical-afterbody geometries; these data are presented as over-
all afterbody-base drag coefficient versus the base-to-body area
ratio for parametric values of the operating pressure ratios. This
particular set of coordinates has been suggested as a possible
means of unifying and correlating conical-afterbody data. Brazzel
and Henderson [5] have proposed an alternative correlation for coni-
cal-afterbody data based on a review of available experimental data;
they found these experimental data could be correlated into a rela-
tively narrow band if the ratio of the cylindrical-to-conical. after-
body base-pressure ratios were plotted versus the base-to-body area
ratio. The theoretical-solution data for the conical afterbodies
are presented on this basis in Fig. 8(b). This particular system off"7. coordinates does seem to correlate the theoretical-solution data by
reducing the influence of the nozzle-to-freestream static pressure
ratio.

B. LIMITED COMPARISON WITH EXPERIMENT

included in Fig. 8(b) for comparison with the theoretical re--
sults of the parametric study for conical afterhodies is the experi-
mental correlation curve determined by Brazzel and Henderson [5].
This empirical correlation curve is based on experimental data

°]I1
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obtained over a relatively wide range of geometric and flow vari--
ables. While the reasons for the discrepancy between the slopes
of the theoretical and experimental correlation curves are not
readily apparent, ihe discrepancy can be partially attributed to
the usual overestimation of the base-pressure ratio by the theo-
retical analysis. For cylindrical afterbodies, the overestimation
of the base-pressure ratio can be significant depending on the
flow geometry; an empirical modification to the theoretical model
has been determined which reduces this discrepancy [1,3]. Experi-
ence has shown qualitatively that without empirical modifications
tathe flow model the agreement between the theoretical and experi-
mental base-pressure results i usually better for conical after-
bodies than for cylindrical afterbodies. Currently, thorough quanti-
tative theoretical-experimental comparisons have not been completed
for non-cylindrical afterbodies and, as a consequence, possible em-
pirical modifications to the theoretical model are not yet available.

Figure 9(a) presents a comparison for several conical boattails
between the experimental data of Baughman and Kochendorfer [a] and
the inviscid afterbody analysis; the agreement between theory and
experiment is reasonably good for these boattails. It should be
noted, however, that boundary-layer effects cen lead to significant
discrepancies between the present inviscid afterbody analysis and
experiment.

For the foregoing conical boattails, the base pressure coef-
iicients determined by the experiments of Baughman and Kochendorfer
[6] and the theoretical analysis are compared in Figs. 9(b,c). In
Fig. 9(b), the propulsive-nozzle flow was from a converging nozzle;
for these cases the theoretical-experimental agreement is accept-
able. However, in Fig. 9(c) where the propulsive-nozzle Mach number
has been increased, the theoretical results grouped together as in-
dicated in the figure. Since the experimental data do not exhibit
these trends, the agreement between theory and experiment is poor
for these particular cases. However, the experimental data of
Baughman and Kochundorfer does show trends with increasing propul-
sive-nozzle Mach number which are similar to the theoretical results
presented in Fig. 9(c). Of the theoretical-experimental comparisons
which have been made for various afterbcdy configurations, the com-
parisons presented in Figs. 9(b,c) represent qualitatively the maxi-
mum divergence between experiment and theory which has been en-
countered to date.I-

ft 13



V. CONCLUSIONS

Due to the significant contribution of the base drag to the 1.
overall aerodynamic drag of a vehicle, any factors or modifications
which could influence the combined afterbody-base drag must be
considered. The component-model based computer program provides
a quick, convenient, and effective means for conducting qualitative
studies of the base-flow problem and the many variables involved.

A As a consequence, this computer program is well suited for optimi-
zation and system studies wherein significant variations in the 2
variables must be considered. With the determination of suitable
empirical modifications to the flow model, quantitative studies
can also be made with confidence.

To further develop and expand the usefulness of this computer
program, studies of the following factors should be continued: 3

i. the influence of the boundary layer on the afterbody flow-
field calculations,

ii. the inclusion of the boundary layer as an equivalent base
"bleed,"

L

iii. the detailed experimental-theoretical comparisons which
could serve as the bases for empirical modifications to
the component flow model,

iv. the continued development of empirical modifications to
the flow model to improve the engineering usefulness of
the _omputer program, and

v. the investigation of the fundamental processes involved.

jI
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(b) Constant-pressure boundary notation for subprogram ACPBS

Figure 3 continued

23



CL INOUT

CALL ACPBS1
qnviscid Boundaries)
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Figure 4(a) Flowchart of main program TSABPP-2
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INOUT (A)
(10)'

IF TRUE I F TRUE
(NCASI. NE.O) (NPUNCH.E0 0) TU

FALSE FALSE

SET-UP DEFAULT PUNCH

CONFIGURATION CONFIGURATION

CONFIGURATION
DATA

READ
CURRENT

CUR R L NT

CAUE DATACALCULAATE

ITRE IF TRULSE

FALSE TRFALE URN

CALL ACPB! CALL ACP)5PRGA( 0 ) (1. 1 ) D T E U N N
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TABLE I

INPUT VARIABLE DEFINITIONS FOR PROGRAM TSABPP-2

....... ' ... : C:MPUTER PROGRAM VARIABLE DEFINITIONS. C:

A(20) = CONFIGURATION TITLE.

FOR EITHER THE INTERNAL (1) OR EXTERNAL (E) STREAM:
X1,RI = COORDINATES OF POINT WHERE SEPARATION OCCURS.

(RI-S ARE POSITIVE)
BETEl = FLOW ANGLE*DEG." AT (XI,Rl). CCW IS POSITIVE.

( BETDII IS (+) AND BETDIE IS (+1-)
GC = GAS CONSTANT C: (LBF-FT/LBM-R)
GAMM4A = RATIO OF SPECIFIC HEATS.
EMNI MACH NUMBER AT STATION (I)
NSHAPE 0, NO AFTERBODY.

1, OGIVE. =2, PARABOLIC. =3, CONICAL.

X2E,R2E INITIAL. COORDINATES OF THE AFTERB0DY.
BETD2E INITIAL AFTERBODY ANGLE AT (X2E,R2E) IN DEGREES.

(BETD2E (-) FOR EXPANSION.PR.BETD2E (+) FOR COMPRESSION)
4 MNE EXTERNAL FREESTREAM MACH No.
TROEI STAGNATION TEMPF.ATURE RATIO OF STREAMS, T0E/T0I.
PROIE STAGNATION--T0-STATIC PRESSURE RATIO OF STREAMS, POI/PE.

PRIIE = STATIC PRESSURE RATIO OF STREAMS, PII/PE.
REC0MP = RECOMPRESSION COEFFICIENT

NOTE--- DEFAULT OR INPUT VALUE OF REC4--O.0 .AND.
1) NSHAPE=O, THEN REC0MP IS CALCULAIED FROM

I EMPIRICAL EQN- INOU 2620.
(Ref.: RD-TR-.69-13)

2) NSPWE=i,2,3, THEN RFCOMP=i.O IS CURRENTLY USED.

* NPRINT = -1, INPUT DATA AND BASE PRESSURE SOLN PRINTED.

= 0, INPUT DATA, ITERATIONS AND S0LN PRINTED.
= +1, INPUT DATA, ITERATION, C.P.B. DATA, AND SOLN PRINTED.

NPUNCi = 0, 5UI4ARY OUTPUT DATA NOT PUNCHED
= 1, SUMMARY OUTPUT DATA PUNCHED

INOPT = 1, INPUT BY NAMELIST/DATA/ONLY. THE DEFAULT CONFIG.

SPECIFIED IN INOUT IS AVAILABLE.
= 2, INPUT MUST BE SPECIFIED BY A COMILETE SLT OF DATA

, CARDS FOLLOWING THE FIRST CARD: " &DATA INOPT=2 FEND".
* = 3, INPUT SPECIFIED BY NAMELIST/DATA/ FOR CALCULATION OF

INTERNAL-FLOW CONSTANT-PRESSURE BOUNDARIES.
= 4, INPUT SPECIFIED BY NAMELIST/DATA' FOR CALCULATION OF

EXTERNAL FLOW: AFTERBODY ONLY (NCASE=0) AND/OR

CONSTANT-PRESSURE BOUNDARIES.

26
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TABLE 1 (continued)

NCASE = NO. OF PRESS. RATIOS FOR WHICH BASE-PRESSURE
CALCULATIONS ARE To BE MADE FOR A GIVEN SET OF
CONDITIONS AND GEOMETRY.

KPRESR = 0, PRIIE IS INPUT, AND PROIE IS CALCULATED.
1, PR0IE IS INPUT, AND PRiE IS CALCULATED.

PRAT10,PR(1) INPUT PRESSURE RATIO(S).
BLDRO,BR0(I),= INPUT BLEED PAIIO(S).
ENGRO,ER (I) = IMPUT ENERGY RATIO(S).

2
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TABLE 3

TSABPP-2 INPUT OPTION 2 (INOPT=2) BY A COMPLETE

SET OF DATA CARn)St

Card Variables Format

Number (Refer to Fig. 1) Specification

1 &DATA INOPT=2 &END (2 to 80)

2 Any alpiianumneric title (0OA4)

3 XlI,R11,BETDl,GCI,GAJAMI * (6FI0.6,I 1)
EMNi 1 ,NSHAPE

IF NSHAPE=O0, CARD NO. 4 IS:

XlE,RIE,GCE,GNI4AEF,EMNE (5F10.6)

OR, IF NSHAPE=1,2, OR 3, CARD
NO. 4 IS:

4X2E,R2E,BETD2E, X1E,RlE,GCE, (SF10.6)
GNIAAE, EMNE

5 TR0EI..RECOMP (2FI0. 6)

6 NPRINT,NCASE,NPUNCH,KPRESR (12,13,211)

IF KPRESR=0, CARD NO. 7 AND
FOLLOWING ARE:

7 .. PR11E,BLRDO,ENGR0 (3FI0.6)

OR, IF KPRESR=1, CARD NO. 7
AND FOLLOWING ARE:

II7 PROIE,BLDRO,LNGRO (3F10.6) -

t fNotc : There are (6+14CASE) data cards per case.
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TABLE 4

TSABPP-2 INPUT OPTION 3 (IN0PT=3) FOR CALCULATION

OF INTERNAL-FLOW CONSTANT-PRESSURE

BOUNDARIES ONLY. INPUT BY NAMELIST/DATA/:

gDATA IN0PT:3,A=...', etc. &END"

Variables Default Values Input Values (IN0PT-3)

INOPT I 3

A(20) --- INPUT j

X1l 0.0

RlI 1.0

BETD11 0.0

GAWJ'AI .

EM\1I 0.0 INPUT

NCASE .LE. 20 0 INPU'

PR(I),I=I, NCASE tt INFUT

tRequired input value.

tOptional 3nput value.

tttPR(I)=PB/POI.
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TABLE 5 -

ISABPP-2 INPUT OPTION 4 (INOPI-=4) FOR CALCULATION OF

EXTERNAL FLOW ONLY: AFTERBODY AND/OR

CONSTANT-PRESSURE BOUNDARIES. INPUT BY

NAELST/ATA!:

&DATA INOPT=LI, A'...', etc. &END"

Variablc5 Default Valukes Input Values t1N0P 4 )

IN0PT I

A(20) --- _

NSK-APE 0 0 2,r

X2E 0.0 ---

R2E 1.0

.1BLTD)2E 0.0 --- TU

M1E 0.0 INPUT

RIE 1.0 INPUT

GAMMAE ..

EMNE 0.0 INPUT INPUT

NCASE .LE. 20 1) NPUT I NPUT t

PR(1),1=1,NCA5E ttt-t I NPUT INPUT

tRuuircd jfll)uL viiu,.

ti jolnul input value.

tttAf terLocv only: NCASE=0.

I-_______________________ ______________________________________________



TABLE 6

PRINTED OUTPUT DATA AND OPTIONS
FOR THE TSABPP-2 PROGRAM

input option, IN0PT- 1,2 3_ 4

Printed Output bata NPRINT= ...

i-1 0 +il-

A 1.0 Afterbody data xt x x x

1.1 Geometry and flow input data x x x x

1.2 Surface data: LX,R,M,P/P C J x x x x

1.3 Drag coefficient, CDBT X X X

2.0 Identification heading x x x x x

3.0 Summarry of input data x x x x x

4.0 Current iteration-step results x x

4.1 (I) boundary data:LXL ,Kt3 ,0B] x x
4.2 (E) boundary data:[XBL'% OSEJ x X

4.3 Inviscid impingement point data x x
JI4.3.1 [X,R,O,M,s] X x

4.a.2 OS ,Ps /PB for the shock :,;ystem x x

, 4.I Turbulent mixing resiIts x x

4.4.1 Current trial input ULta x x

4.4,2 Dient:ionless mass and energy x x
tranj±er rat3.o,;, 19,T]

4.4.3 Current bas --pi'eusure and base- X x
temperature data LPB ,TB ,1,E]

11 -D
for ,( =) 0 and

when LF[3s ,TS I = 0 and

ALEFT Jj= 0

tx =Data printed.
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TABLE 5

TSABPP-2 INPUT OPTION 4 (INOPT=4) FOR CALCULATION OF

EXTERNAL FLOW ONLY: AFTERBODY AND/OR

CONSTANT-PRESSURE BOUNDARIES. INPUT BY

NAMELIST/DATA/:

" &DATA IN0PT=4, A='...', etc. &END"

Variable, Default Values Tnput V.alues (IN0PT=q)

INOPT 1 [t

A(20) --- INF 2T

NSHAPE 0 0 [. or7]

X2E 0.0 ,

R2E 1.0

BETD2E 0.0 --- T -

XE 0.0 INFUT

R1E 1.0 INPUT

GA44AE 1.4

EMNE 0.0 IVI'T iNFUT

NCASE .LE. 20 11:I'T INPUT ttt

PR( 1), I , NCASE itt 1NPUIT 11NUT

tPequirod input value.

lt(ptiolial i lpur value.

tttAtterluwdv only: NCASE=O.

ttttepR( I)PB/POL.

li 3J.



TABLE 6

PRINTED OUTPUT DATA AND OPTIONS
FOR THE TSABPP-2 PROGRAM

Input option, INOPT= 1,2 3T 4

Printed Uutput. Data NF'RINT= .

-1 0 +1

1.0 Afterbody data xt x x x

1.1 Gomletly and hoQW inpu-c data x x x x

1.2 Surface data: [X,R,M,P/PE,Cp1 x x x x

1.3 Drag coefficient, C... x x A x

2.0 Identil-icatlon huading, x x x x x

3.0 Slumary of input data x x x x x

4.0 Current iteration.-tep results x x

~4.1 (1) boundai-y data:LX,, 5%1 , OW I x x

4.2 (E) boundarv data:XJERb 'U5Li x x

4.3 Invia~cid impingemeiit point data x x

4.3.1 LX ,R,U ,M ,s x x

4.3.2 L 0 P /)' U] f-or the shocK :;ystemi x x

'4.14 Turbulent mixing r1e!;u1t:; x x

'4.4.J. Current trial InpUt data x x

4.4.2 UmensiouleLzs mas~. and energy x x

'4.4.3 Current bust.-pri:;surc' and baLu- x x
efLOJ~eratuI'e dataL [1' BT J,P

ior ~ ~ AB1( 0 and

13 H3 )BU

L.o ulutlaoi data IBSIIT PCDB] x x

ilk.11il"L1 T 0 and

I' I AII. 3S ,T Js
lIo jis riTUed.



TABLE 7

PUNCHED OUTPUT DATA FOR THE
TSABPP-2 PROGRAM (NPUNCH:l)

Punched Summary Output Data (NPUNCH=I)

1.0 FloW Configuration

1.1 Internal Flow:

LHII , 6,1 , D I I I 'I , I

1.'2 External Flow: (no atterbody)

[LE' , 0, DiE, pE' Y]

1. 3 Miscellaneous
[ LX 1 / D I L I D I / D I E I r ,I T o , L/ T o, I

1.11 Aiterbody

[NSHAPL, X2 L./D2E , 2E, XIE/DiE, DiE/D 2 L BlrI

2.0 No-Solution Casa

2.1 Current Values of:

2.2 M-sage:
"NO SOLUTION PB/PE=X.XXXXX"

2.3 Configuration Identification leading, ii ,at Ca;e

3.0 So3lutioni Cases

3.1 Solution Values of:
[ "3' 1 1' C C ,

3.2 Configuration Identification Heading, if Last Cas,

I3

II.

'1' 33
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TABLE 8

Summary of the configuration data for the parametric study of
the afterbody influence on base-pressure ratio,

base drag, and overall drag

Configuration Data
Variable External Flow Internal Flow

(E) (I),(1I)
Y 1.4 1.4

i[lbf-ft/lb,--R] 53.35 53.35
M 2.0 2.5

(2E) (E)

X 0.0 2.0 2.0
R 1.0 RIE 0.6

,8 (degrees) /2E ,1E 0.0

TOE: 1, O 0, r - 1.0, Bo 0 or as noted

Conical Bootiail Tangeri-Ogive Boattail Conical Flare
NSHAPE = 3 (/2 E=00), NSHAPE = I NSHAPE = 3

-2E RlE Configuration ), E RE Number RP ,2E RiE

0°  1.0 1 1.0 0 1.0
-2 .9L02 2 .9302 2 1 .0693
-4 .8601 3 .8601 4 1.1398
-6 .7898 4 .7898 6 1.2102
-8 .7180 5 .7180 10 1.3527
-10 .6473 6 .6473

-11.309 .6000 7 .6000

Figs. 5 Figs. 6 Figs. 7

i i iIi i



0.12

0.10- No Base
( 32E -11.309')

0.08-

CDBT 0.06-

0.04-

0.02-

0
0 2 4 6 8 10 12

-82E, degrees

(a) Inviscid conical-boattail drag coefficients

Figure 5 Coni cal-boattail configurations
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100

0.2 
8

PXBT

R2E

(b) Coni ca1-boattai 1 pressure distributions

Figure 5 continued
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1.22E

0.8-

-E 0.6 -

0.4- yidia

- ~(RD -TR-69 12)

0.2-

0L
0 2 4 6 8 10 .12

P11

PE

(c) Base-pressure ratio varid~iuns for neveral colclbati anqies

Figure 5 continued
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0.16

0.12-- Cylindrical
0 Afterbody

j 0.10

CD 0.08-2

0.06-4

a0.04-

0.02-

00

0 2 4 6 8 10 12

(d) base drag coefficients for several conical1-bo.attail angfles

Figure 5 continued



0. 16 (-/82E)

0 0
014- Cyl ndrica

20 Af terbody
0.12

40
0.120- 60

0 - --- _ No Base

CD 0.08 8 N1000 (-,G2E 11.3090)

100
0.06 0o

80
0.04 2"

40
0.02

0 . I .. 1 I I 1 i L L I . U L l ,

0 2 4 6 8 10 12
PIl
PE

(e) Variations in the comibined boattail-base drag
coefficient for several conical-boattail angles

Figure 5 continued
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0.18 I

SCylindrical Afterbody
0.16-

0.14 P 101[--  PE

0.12-

0.10No Base

CD
0.08

0.06"

0.04 -- k

Approximate Locus of
0.02 Minimum Afterbody-

Base Drag Coefficient

I}0 2 4 6 a 10 12
132E degrees

(f) Variations in the combi"ned conical boattail-base
drag n,-effici-,L for several pressure ratios

Figure 5 cortirnued
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01 Cyl in dricol7
A Afterbcdy

0.12

No Bose
0.10

0.

0.08
CU

0.06

0.04- 00

0

0.08 Drag Coefficient

-0.02 -c)oo P J0 1
II~~ 65Eders

g)Variations in the combined conical boattail-base
drag coefficient for several base-bleed ratios
at fixed operating pressure ratios

Figure 5 continued
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0.12 ___

Corresponding /-_00)
0.10 Conical Boattail (1",_

Angle

0.08 (8)

i No Boattail

CDBT 0.06- (-60)

0.04( No Basej

0.02- (-202

0__
1.0 0.9 0.8 0.7 0.6

RIE

(a) inviscid drag coefficients for tangent-
ogive boattails (a 0°)

Figure 6 Tangent-ogive boattail configurations
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1.0
Configuration_

0.8-(2

(3)

0.6 - (4)
PBT -(5)

PE0.4 - (6)
(7)

0.2-
4

*0 0.4 0.8 1.2 1.; 2.0
X BT

.12

(b) Tangent-ogive boattail pressure distributions

Figure 6 continued
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0.8- Number (5)(2
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PB0.6 --

0.4- After body

0.2-

o L
0 2 4 6 8 10 12 14

PE1

(c) Base-pressure ratio variations for
several tangent-ogi ye boattai s

Figure 6 continued
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0.12- (2) Aiterbody

0.10 -

CDB - (3)
0.08-

0.06-- (4)

0.04-

0.02
(6)

0 2 4 6( .0 1
Pui
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(d) Base drag coefficienit! for several
conical-bodttail angles

Figure 6 continued
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0.14 Cylindrical
(2) Afterbody
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CD (475)(6
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0.06-K

0.04- 2 3

0.02-

0 2

()Variations in the combined boattafi-base drag

coefficient tor several tangent ogive boattailS

Figure 6 continued



0.16

0.14 PII No Base

0.12 1
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Afterbody
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(f) Variations -in the combined tangent-ogive boattail-
Hl base drag coefficients for several pressure -atios

Figure 6 continued
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0 2 4 6 8 1.0 12 14
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(i) Inviscid conical-flare drag coefficients (approximate analysis)

fgure 7 Conical-flare configurations
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Figure 7 continued



1.0 T

Cylindrical
0.8 - Afterbody

PB0.6-

0.4 2 0
- 20

0.2-0
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(ba3se-pressure ratio variati on5 for several curi Cal1-fl dre angles

Figure 7 continued
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0.40<r------

0.36 -
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C DB 0.20-

0.16- 60

0.12- 4U

- 20
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orI
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(d) B~ase drag coefficients for several conical-flare angles

Figure 7 continued
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(e) Variation of the combined conical flare-,base drag
coeffi ci ent for several coni cal -fl are angles

1 Figure 7 continued
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(a) Theoretical combined afterbody-base drag co-
efficient variation for conical afterbodies
as a function of base-to-body area ratio

rigure 8- Conical-afterbody configurations
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Exp., Baughman and Kochendorfer
Symbol RiT/RiE [6 ,Fig. 14b]

o 0.900
o 0.714
v 0.600

,A 0.500
Theory, Method of Characteristics
-- I I I I I '

Location of Station (lE) for
-- (Rn/RiE)=

08 E I 0.600 0.900
.8 - -- 0.300 0.7141

0

CPTME 1.91

L AA.9 7g ~?E -5.630
-0.08 I I _1 ..,_I

0 0.2 0.4 0.6 0.8 1.0

- (R/R 2 E) 2

(a) Conical-boattail pressure coefficient

Figure 9 Comparison with the experiments of Baughman and Kochendorfer [6]
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II Figure 9 continued
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APPENDIX A. IWo STREAM AXISYMMITRIC BASE PRESSIIRF PROGRAM
MAIN PROGRAM (TSABPP-2I PAGE A- I

C T W O - S I R I A M A x I S Y M M E T R I C B A S F MAIN 10

C P R F S S IJ R I P R 0 C R A M , T S A B P P - 2 • MAIN 20

C A F T E R l f) 1) Y OPTIONAL B F F O R E MAIN 30)

C F X I F R N A L S 1 R F A M S L P A R A T I n N P 0 I N T * MAIN 40

C I 1' 9 r R T R A N IV MAIN 50

C MAIN 60

C**uV:rHIS PROGRAM IS BASED ON THP FLOW MODFL OF KURST, FT. AL., MAIN 70

C REFFRENCE --- UNIVERSITY OF ILLINOIS REPORT Nn. MF 3Q2-5. MAIN P0

C MAIN 90
C*****WRITTFN BY ... A. L. AUDY, UNIVERSITY OF ILLINOIS. MAIN 100

C MAIN 110
Cv****PR(IGRAM RFFERFNCE S--- U.S. ARMY MISSILE COMMAND, REDSTONE ARSENAL,MAIN 120

C ALABAMA, REPORTS NO. RO-TR-6q-12,-13,-14. MAIN 130

C MAIN 140
C,****CONFIGRATIN --- UNIFORM 11R CONICAL SUPERSONIC INTERNAL (NOZZLE) MAIN 150
U FLOW AND UNIFORM SUPERSONIC EXTFRNAL FLOW WITH MAIN 160
. OR WITHOUT AN AFTERP1IDY PRECEDING THE MAIN 170

c SEPARATION POINT. AI-TERBUOIFS-. MAIN 180

C 1) ll,(OIVE, PARABOLIC, AND CONICAL MAIN 190

C BUArTAIL.S. (BFIA2E .LT. 0.n) MAIN 200

C 2) APPROXIMATE ANALYSIS OF FLARES. MAIN 21')
C (BETA2E .GT. 0.0) MAIN 220

C MAIN 230
C*****INPIIT OATA --- SE INOLIT. MAIN 24n
C OUTPUT OVA --- SEF INOUT, LUTIM,UUl2M, DLJTBDYr ANO CROSS. MAIN 259

C INPUT/OUTPUT O)PTIONS .--- SEE INOUT. MAIN 260

c MAIN 270
C*****'NOTE REG.-iRUING I/O UNITS--- MAIN 2 0

C UNIT = ') READ MAIN 290

c UNIT 6, PRI NT MAIN 3 00
C UNIT 7, PUNCH MAIN 310

C MAIN 320
C**4t*MASIl R RFOLIIRI-S --- INOUT, 0UTI m UUTMj ACPBS, CROSS, TJMI X, MAIN 330

C ITER. THE VARIOUS SUBROUTINES CALL OTMERS. MAIN 340

C MAIN 350
C MAIN 360

DIMENSION PI.B(100,5 9 2), CHARI(5,301, CHAREi5,30) Pl(5), P2(5), MAIN 370

I P'(5), A(20), OATA(Oi2), BPTU(S,30), BPTE(5.30) MAIN 380

COMMON PMB, CHARI, CHARE, P1, P2, P3 MAIN 390
COMMON /ERFVP/ PHI(350) MAIN 400
COMMON /I)ATAIO/ GCI ,GAMMAIsEMSItXlI,RlIOETAII, MAIN 410

1 GCEGAMMAFEMS1E,X1 REBETAlE,PRfl1OE, MAIN 4,20
2 TROEIPRIIE,RECOMP,[n,EMNIIPR1OI,EMNE,PRIOIE, MAIN 430
, 3 NPRINTNCAS1,N'CASEP.LI)ROENGRO ,REHEMNE, PREO> MAIN 440

4 NPUNCH.PROEOI PRU IEPOIFOIvNSHAPE,1PTSE,PR1I1F MAIN 450

R AMAIN 460
NCASF=3 MAIN 470

8 NCASIri MAIN 480
I') .NAIF0zNCASF-( MCA. i=0 MA IN 490

C*'rt.RFA)/WR FF BASE PRESSURE CASE INPUT DATA. MAIN 50
CALL INOUIT MA IN 510
IF(NCASF.ZO.0) GO TO 8 MAIN 520

C~'*"*LIMITING AAIIT FOR (1) AND) (|) STREAMS ARE SPFCIFIED liE:RF- MAIN 530

RLIm.5 ltR MAIN 5 40

RLF=O .5xR II MAIN 550
C***44'INITIAL]ZAII0N OF BASE PRESSURE I ERATION LOOP. MAIN 560

DTRBOI=(I.l-TROEI1/2.O MAIN 570

BPR=O.b50 MAIN 5F0

BPR L=O. MAIN 590
(' t t*MPIRICAL S--EPARATIOIN PRESSURE !LATIO EXPRFSSION FROM~--- MAIN 600

o 20(ZUKDSKI, AlAA JOURNAL, OCTORER 1967, VOL. 5, NO. 10, PP.!'T46-I '53.MA N 610
PRF -P - 1.) . O.36,*(MACH Nn.). MAIN 620

"--:'" XTFp'(AL/INTFRNAL FIlOWS SEPARATION PRESSUPE RAIO-S. MAIN 630

59Ii 4



AP;I' I) I X A. TV'fl Si RI AM AX I 5YMMI TRIG liASI- PRESSIIRF PROGRAM

mH IN 6 PORAM IT SAFI'P-? PAGE A- 2

PNSIF 1.3 + O.3A69*EMN1E MAIN 6 0
PRS11 1.0 + 0.3tfl,*IMNI I MAIN v'5O
MI'RR =P95112  MAIN 6tO
IF I IPRIPR1I'I'111 .LT. 1.01 RR I'PS1I*PR1I 11 MAIN 670)
N IIS 1)L N=1) M A IN t, fl0
NI)SMAX 10 MAIN t,9O

I BPR=I 
MAIN 7OG

I 1PRM -,MA IN 710
NIIpR -X MA IN 720
NTYPI-1 MAIN 750(

i(IARS IRJI1ULI..-0 NTYPE:3 MAIN 740

2 It- I jNPR L.LI 1BPR4MX) W1 TO 40 MAIN 7,O0

WRITF 0(,,??1 I3PRL, IIPR, tBPRR MAIN 770
22 F114iMAT I // , 1% X, MAIN 7 8G

1 %,3H t:*1MAXIMIIM ND. (IVl BASE PRESS. ITOIRATIO)NS IXCFf-cl)** /. MAIN 790
2 PAX,10H **1IPRL If:i.4,2X,7H RPR r ,F7.4,2X, MAIN POO
3 HA4 BPRR , F7.4,4H **V,/ IMAIN10

C MAIN 1420
C I:-fIIAiIS(IPR-BPRR).LI I.O 1.R13p4.CT.BPRRII WRIT[It6,24) MAIN 83 0

24 1-iRA (1ST nPI1AIFFO FARAI IO(N FO MAIN M4O

1 2?OH SPISCIi:It:D DATA4 *** v/) MAIN MEG
o MAIN 8560

WRITE- 16 v26) MAIN 8i0
26 FO(RMAT (I)LX, MAIN 8810

1 'S3H *t*****t*t44*4~~ l*~**'~~ / I PAIN 1)'1GO TO 260 MAIN 900
C MA IN 90
C***

t
VCXI CK THAT 11PM IS' I N Till SOIIT IIN MANGE, IIPRLRPRR. MA IN 920

40 IF (11PM .GI. IIPRL1 .AND. (APR .LF-. BRM)) rip TO 'OMAIN 9310
RPP=(IAPRL4I3PRRI/2.O MAIN P4O

C*****C.ALIILAT- THt- EXPANSIOIN PRE-SURE RATIOS FOR THE RIOIINDARY CAL>., MAIN 9110
" PRI =SpR MAIN 960

PRRUI11 = lAR*PRI11F MAIN 970
PMMIII PRO 1E*PO I 1011 MAIN tiH0

P)RN1I, PRIAII/PR1III MAIN Q90
PRhFI' IPRRXIIF4PR1I(IE 3/PNEOEF MA INi 000
PR RIll F- R B1511 * PRO(I II I-FM I1 1

CP *,2 . Ai' tRI1--.0/( A M A L*b1M N L**2 11 MA)N1O0
CD = -CPl'#sIM*t*2-M1I**2)/MI-**2) MA INI3030

C*f**WRITE THF) CUIRRENIT TRIAL SOLUITION DATA. MAI1N1040
CALL OIIM(IEIPR,A,l-MNTI,PR1IUlPRIII,PRHII ,PROI-I1lIIPOEI ,PMTIC, MAINIOS50

I E-MNTF,PRIOXE,POOnLE,PRBE,EMN-,REF-,PRTOE,PPDII , MAIN1060
2 PRBE-,NPRINT,BLR,-.NGRkL),NSHAP)EI MAIN1070

CL***TII 1NIFRNAL CONSTANT PRESStIRE BNURY IS CALCULATED FOIR I(P13/P30l. MAIN) 080

70 CALL ALPOSIGAMMAI,FMSII,PRBOI,X1IRll,RETA1IRLI,IMPR,NPTSI, MAIN~r19O
I NPRINT,1,L[MITI,R1PTI *NSlIAPE-) MAINIlOG

C*14***THE EXTERNAL CONSTANT PRESSIRI I'NI)RY IS CALCULATED FOR IPB/POUI[. NAINiIO1
80 CALL ACOBSIGAMMAE-,ENS1I-PRRO1EtXlE-,RIE,BTAE,RL-, IOPR0 NP'TS, MAIN1120

1 NPRiN'T,2,LIMiTF;NiPTNSlIIAPEI MA41N1130
C***t*IE IMPINGEMENT OCCURS, THL IMPINGLMENT POINT AND THE PLUM mAiNiIOD
C PRO)PERTIE-S OOWlNSTRI:AN OIF THE RLCOMPRI:SS!OIN SUPER SYSTEM ARE EDUIN.NAIN1IEO
C MAIN1 160

CALL CRUSSCGAMMAI RPTI ,LIMITI ,CAMP1AE,8PTE,LIMITE, MAINIl l'
1 NIC,NE' ,NSTOPTJMLI ,TJMLEPRSPOK,NPRINTI MAIN11IIO
IFIRECUMP*PRS-44 .LT. 1.0 .AND. NIOP .10. 1) NSTOP=2 MAIN1190
GO TO 190,82,114)v NS5100 MAIN1200

Cw***NU INVISCID SOL-UTION TRIAL CASES,. MAIN1210
c; NUMBER OIF NO SOILUTIIN TRIALS =NOASMAX. MA1N1220
C**t**NOJ SILUJIN --- NO IMPINGEMENT OR INAI)MISS.IRLE SMOCK SOLUTION. MAIN41230

82 FIOP-4PR MAIN1240
GOl TO 86 MAINl?51

Cw**4NI S0LUIfI N--- SHOCK SYSI EM 0111-SNT EXI ST FOR TRI AL VALUE F RPMBP. MA)N1260
94 RPRL7ROR NAINI?7O



AIPFENOIX A. TWO 514)-AM AXISYMME-TRIC BAS)- PRE-SSORkF PROGRAM
MAIN PROG'RAM ITSARPP-2) PAGE(; A-3

86 flf4= C OIRL+BPRR (/2. MAIN1280
NOSOLN-NOSULN+l MA [Ni?90
I~i-NISOLN.LE.NOSMAX) GO TO 20 MA INi1300

C.*****MAX IMOIM NUMBER OIF N[I-SOLIT ION I4 RAL S XCFOED. MA[Ni 310

C MAINi1320
WRITE fA,88) MA [Ni330

88 EORMAT//, MA [N1340
1 ibX,49H **X (XMIM NC). OF NO SOILUlIO(N TRIALS [XCIFOE-Ott 9/0 MA[Ni1350)
2 i5X,49H ***tC*f**Catt*Stt**4tltt /I MA[N1360
G0 TI) 260 MA 1N1370

C*****START BASF PRESSURE ANO TUMPERATUL RAIO I TI-MA)ION LOOPS. MA [N1390

90 TRO)I =TR()EI MAI[Ni1400

100 TRBOE'TRB0I/TRUE[ MA [N1430
C*****CALCULATION AND' [[0~ POT[f: TUiROILI MIXI[NG RESILTS. MA[N1440

CALL TJMIX(COAMMAI.G;C[,BPTI (3,NIC),TRBO~ITJNLI , MAIN1450
I GAMMiAE,GCE,BPTF[3,NE:CI,IRBOE ,TJMLE, MAIN1460
2 R1I,EMS1[,HFTAiI,i'[I (2,NICVPRSHOK., MAIN1470
3 PnlIFl4EI,LRECOIMPRLREN.,R[ MAIN1480

CALL OUT2M(PRRE(11,1,PRFK1TROL,TRBI,TRL).I,")ROE- ,PR1[E, MAIN1490

1 )LOR,ENGR,NPIRINT ,CPCO,13LORO,ENCRUI MAINP,00

A C****tSET..1P ITFRATION LOOPS TO FIND)--- MA[Ni 510
0C NTYPI-=1 (NON[SI1INERGETICI, T40)11 SO THAT FN(;RrENGRO. MAIN1520

*1C NTYPL:Z2 [NONisOENFRG:T [C), TROOI SO THAT BLDR=OLO)RO. MA IN1530
C NTYPL=3 ([SOLNI-GE1 [CI, ClINT [NtlE 10 BASF PRESSUiRE ITERATION LOO~P MAIN154O
C TO FI[NO BR SO THAT BLOkzBLORO. MAI[NiS0
C MA [Ni 5(d

GO TO (124,12A',2110), NTYPE MA [NI1570
C*****TfRHUi ITERATION LOOPS FOR TH4E NIN-JSOENERGETIC CS.MAINIL01U
124 VAR=(ENGR-ENGRO) MA! NI590'

GO TO 130 MAlINi COO
126 VAR=(BLOR-BLORO) MAIN1610
1 30 GO TO 1)40,142), NE MAI[N1H20
14') OATA(IE,i1=TRRiOI MA [N163O

OATA[IF,2)=VAR MA[Ni1640
C*****ITFRATION FOR TRbOI SUCH THAT ENGRIZENG;Rl OR HLO'(8L0R0. MA[N16130
c (NOTE THAT TRR(I IS RFS[TRICTEO TO 10)- RANGE (TRI[E1,i.0) )MAIN1660
C MA IN1670

142 CALL IFR(TRBOI,DTIRROI,1.OE-4,i.0,VAR,).0, l.')F-5.IE,NE. MAIN16HO
1 TRROIN 'VARNIRMO[l~P,VAkP,NS-NV,N(;NV2) MAI[NI1690
IH(TR3I-1.0) 1150,160,160 MAINI1700

16)0 GO TO (Ii3,iO),2001, NE MA [NI7TI0
C*****EXTRAPULATION, IF- NECESSARY, FUR TEMPERArTURE RATIO 74001 MAIN172o

S (SUCH THAT I-NGR"- fNUN)](14 COR B "OR1L 1)4. MA 1N1730
C MAIN 174(1

16') I=1 MAINi 760
lIT AIS ([)ATA( 1,2)1-ABS (I)ATA) II,2))) 170, 170.,180 MAINlTHO

17-) 1Ir M A [ N 1770
IV'? M A INt 17 HO0
GO 10 190 MA I NI 7110

10 I=IF I MA [ Ni 90

1 00 R A T I D A T A (I 1,1 )-1)AT1A(I 1,I)1I / (C)A T A I I,?I -IIlA TA I , 2)1 MA[NI 020

TRBOV'OjATAI 1,1)-RAT[O*O)ATAC 1,21 MAI[Ni1830
200 GO TO 12)2,204), NTYPF M A I N I H 4()

U.1)? 1RFFrTRR[I MiA I N I P'-0
iiNIYPV=2 VA [ NI P 1,O

GO TI] 9') MA I NI110
24 1 RB0ki= T RRO0I MA INARHO

NTYPF=i M A I NI18Q9
( *'t EN[r5 ) 148'])IIE1RATII]N LOOPS,. 'A Ii'JIGO

'C C"'*C(NT[NUF THE MAST PRESSIURE RATIO (1304) ITFRAT[ON LOOP TO FIND' MAINIOIO



APPENDIX A. TWO( SIRPAM AXISYMM)9TRIC BIASE PRESSURE PROGRAM
MAIN PROGRAM (TS4IPP-2) PAGE A- 4

c lEER SU1CH THAT I)VAR:O. MA INi 920
C***4400tR THE- NON- IO9IRF IC CASE MAIN 1930

DVAR = I(TR FE-TRHIAM MAIN1940
CA) TO 214 MAIN1950

C4A*F(RTHE I SOFNI-RGFTIC CASE * MA INi1960
210 WVAR 113 LREI-BEiRE MAIN1470
214 SIGN,1OVA/ABS()VAR I MAEINI1980

I F (SIGN) 2I%?lI?22 MAIN]1990
218 RPRR.IPR MA IN2 000

GO 10 226 MAIN2010
22? BPRL=EEPR MA 1N2020
226 IF(EBPR-1( 210,230,234 MAIN20A0
233 ORPR=(IPRR-BPRLI/?. MAIN2O4O

GO TO 21H MA IN?0S0
234 SIGM=l.Oj MA IN2OAC

OBP~~ 1 H'R0PREl/ IVA-OVRI E ~IVARMA IN2O7O
2311 RIPRIOPR MA] N2080

DVAN) =OVAR MA EN20NO
C*4***I TI-RAT IUN FOR (308 SUCH THAT OVAR=O. MAE NtOO

CALL TR(RP,10-,INOA,.,lO-IPNRMAIN2110
1 BPRN,OVARN,E3PRF'4IVARPNSGNB1 ,NSGNH2I MAIN?22

GO TO (20,20924,), NBPR MAIN?2131)
C**4*SULOITION PO1UND. MAIN2140
242 1;11 TO)I02%,5 N1YPF MIAIN?2150

C**s**WRITF SRIl U1 ION OATA. MAIN?) 60
C M 1A IN? 170
250 WRITI- 16.252) MA IN?] I(O
2L)? FORMAT 1li POX, 32H ***NI)N-iS(1f-NERGI4TIC SOLMITION-** ,/, MAIN2190

POX, 3211 *444t****4****** /)MAEN200
U TE P1)a M41N2210

C MA 1N22?0
2L,4 WRITI- (1,256) MAIN2230
25,6 F0RMATf //, 27X, 2811 1**IS[EFNER' ETIC SOGLIJTION*4 MAIN2?AO

1 27X, 28H- 4***4~~*4***** 1 MA1N2250O
C MAIN2260
258 CALL 111)12M(PR8E,PRIIEI,PR(111I,TRROE,TREEI,TROEI.PROIE oPR1EV, MAIN2?170

1 BLORNGR,1 ,CP,Cr;,HLORI],ENCRO) MAIN2280
IPINP(JN:FIE 109110,270 MAIN2290

C****±PINCH S(ILCT ION nATA. MAINPR4lO
260 EF(NPINI-H) 110,10,;?65 MAIN?31O

C MA IN?320
265) WRITE (,,267) PRnIE, PRIlE, PRBF MAEN233O
267 FORMAT()'F11.4,5)X,1XHNI SOLUTION, 5X, 9H PIE/RI = 0.5) MAIN2340

GU 10 2 ;Q MAIN? 350
C MAEN2I6O

270 RIF'-RIIREMA1N2370
C*4A**CT---I/8A (THRUST CII&FFICIENT). MAIN2380

CT zI(R1IE*t?()/(0.%4GAMMAE*CPMN E*.2)I*EPR11F*I.1l+GAMMAIS MAIN2390
1 (Ml

t
) -. )MAIN? 400

C*****RMF----JF1-T-FRFSlEAM MOMENTUM F'LUX RATIOU. MA 102410
R - (r AMMpIt(EFMNEI*4t2)*(PIIEfl*214PRIIE)/IUAMMAE*(FMNF**21 I MAIN242O

C MA iN?430
WRITE 17,272) PknOI,PR1IE,PR8E ,CP,CO),kRMF,CT MAEN2440

27? PDRMAT(I l.4,5F 11 *5) MAEN2450
C P10AN2460
280 IF (NCASI .EQ. NUASE) WRITE (7,282) i(EI,I=1,?O) MAIN2470
2B? FORMAT I ?0'A4, gi, EH+4++44f4++4+++4++44.+4.4+ .. .4+++4+.4+.++++t.4+.44. .MAN2480

I .+..44+4+4+ + + +4+4-+44..+4 .++44 + +1 MAINPA9U)
c MA1N25OO
L ;,G 101 NE X I CAE f MA1N2510

GONO II MAJ' o EN

b:2



APPFNf)IX A. TWO SIRFAM AXIsymmERkIC BASE PRI-SSORF PROGRAM
SUARIIIT I NI I MiffS (ISAfIPP-21 PAGE A- 5

Y lMO l it, I I1111) N) oIl) I NIMt I 1(I
40C [NIh)2

4D C,: % v SIPEII1T 11,1fRIAiS [N 101 [MIIIJ HAlA ANIOII[ (.LIIAT!FS TillI 14>)I 1110

n.O IC A. M I I)' AlA AI hs 31) Q1 I NOIii51

70O IMI1U 60~
C I 4 11 70

0I 1. 1 Il 100
FOR 1 1111 1) Tif 1141 1kMi I I) lRIP X I I RNAI (I I S I kl-A M I N('I )1(0

0 1 ML) 12()
I RI lil FLOW ANOI I iIN' ol-GRfSI AT IfXl,1.kI I. CCw IS il1iSI I VF. INoll 1.30(

I ITt I I + I A NO) [%I Il] 1 IS f-) I I MOOU 14-0
illF11)2l INtl JAL. BiAi TA I AFN.LL AI (X? f,Nii I I Nof I"0
hL IO P sPII.I-IF (2 1 ) VAtoII- () I- IF 11 f() R Al I 0. I(1( 1'I i,(

',P[.(
1 
PIt I If 11) VALUE (Ft 11-1 f-Nf RGY fIA7 Iii. INOUf 170'

f MK+I Xli- RNAL FRIl U Si RI-AM MACHl NIJML- Nk* INU Iii 1HO~

f M11I MA( -H STAR~ Al I1111I. I MIII 1 12 0
( iAP1MfA RAI IfI IUP- SPf CIVIC M[niS. INu 0

C. GA', C1INS)AliT 11141-F 7/1MM-RI INOI 21 0
lIil I I, INI'3PIV BY AMI 15 /)AIh/ ONMLY. litt Dff-AlI 1 I NI II) 22311

C11N II;IiNA11TON ',Il fI I Il IN INHIl IS AVAIL ABil IU tl 30)

r 2, fNHii MIISI HI SP Cli Wi) IHY A CIIMPL.l it SIT (Ii- DAlA IMUItl P40

CAfIS FH11, LiOIIC IlH I INST, ( A1ifi--- 'I;I A TA I N f)1) -? EI N 0 1' I Mti,2(I
I = , N111i1 SIFC. fI-f-f Fl1Yb NAMf L IS) /fI A/ IFiR C(AL IHL Al IlMN I N~tll 7tf

111-t INlI R NA4L-If [IN CW I!SSI AW)-PNkI ',SIowl l(ItIRIiA'-i I-SF I NIL ?7(3
I, 1'lIT S PiC I I- fI) 1 BhY SIAMF L [S%7 fOAl A/l Il C,1 CA I( JIL A IfIUN I N(L)i 2o

f (IV) i-Xi ItRNh I LCOM---AI-)f NIlfY ONLY iNCASi 'Of) ANLMI/R 1MOU 2 14 (
E, FIN ST AMN7 - 141-_ l S S Iif- I IIIfA R I L S* I M'JU 3001

C. K1'Il 'N k (I, P111 1 ,IS [lI I Ai-IiI IR 0l1 V 15 L ALC UL A I. [NllJ ~10
-I I, PIR[IlI IS 1,011ii1 AMND 'Nih I 1I5 LALCIILAII I. I NI 111 ?1?0

L. NC A',I )'l'MIIIl- II l i lI SSfI RAI [1IS, Il1 I/141 , I-ilk WHICH HAS[ [NLI 3'))
I.-Pk[ 551(1.1 CALCIILAl fIONS ANI Ii l- -ALI F (1R A G IVfN St 1 1 Ill IR 4-1)

c 1Iff III(INS ANfI f.i-fIt's I (Y . IN t I1)1 3h ()
C NI'IN(.l- (I, SIIMMI-V fitif'Ill flA A f-OiT iIINCHI-li. I Nil1(A3 (I
c = 1, SIIMM-AP Y MIT 11 1 (.I I- A PUIN( 11-I). INfO) -A 7

F NUN, If' N IY I ' I i AT A AMIO lASI 'RfI SIIRL SiiLNJ PR [NI lI. I fill 1113
C.- I1 IN)'))) 'IAlA. III MA) fuN'. AND) SOLNf fiIN1III), I Nil IQ"(I

4 4j INPUfT OAIA, [II IA f~tlM, f O'fA AlA, AI) ',11111 I'NTf1 f).I1NOU 41'iI
v I Af 1)~ 1 ' NO4( (31I) In I u.L I Mtlii 6. Hi

1 .~l * f V IiAlIA If . IMIIIlk 4,11 i

2, ARAVIf1 I. lIAfl AlIf .O 1 .ML 5 i
= . CiliII(h. lAl A ll * I II 4431

Pk1 I I I An)4 I Il ON5I NA) 1 i ill0 t k ili (IS,RLAl,,I1 P /P/OL fINolI 41o

t1 P RIlIf I R S IN A 1 1 [(I AN SIII NA) Tf . 1 t11,ill 1 ZI Si{ A S fLllX I I N* , I I NLII 4,7i1

SIA 7f1i. fl-I 55)11 I RATh10 [Ni// V UiAM-Ilf 14 1r nli Fu INIF.Am I NIII 4)4(

SI Al I i R[ f-k.Sl11 ZA) I [11, Il/Pt, tNflll ',l)(0
I Pi-cpiwp P!("f~ 511 C -I, ari I NII il0

I -O) -- It 711 IMI'ili V(-' M fi1 Hf (IMP-'0.41 .ANO. [11)313 L S1)
*If NSJIIAPft 1, 11-1 IIl COM' [S CAL- UL All 1) 1 ROM INI 5211

I i IfAL HIU1A) IOIN (IN CAN)) Nil, INIi%')I. MjN(II 'IllI

iJ 2f rSHl P! I, t IFFN RLI-(fHMlP=1 I I j 1r IS I-LU0 p I If iH [1ff 4 (1
T-Iilf I r SlIf (,\.111IN 1 1 fMiIII PA IJN H- AIti II l II h i-IS, Till (11 M iJlli'5(
X1 ,NI lI (ikfIII-Af It (]I- V nfIjI Will Ni 'd I'Af-AI ION1 Wl~ [lIt' jii SI -li(

A P.4(1 I 'l II V -

-1



AIPPENDIX A. TWD STR( AM AXISYMMETRIC BASE PRI-SOJIqE PRIOGRAM
SIIBROUT INE I N41011T I TS4HPP-?) PAGE A- A

C 7017 I/P(I7 PR11 I/E It= 'k10" Rill) PHI/Cf , INDuli 0-4o

C. )'N)7117f 1- 111 /10(l )'R[fl = Pi 10111 , CDlIm-)I t i pi ll NMI' 1( 11 t.()n
c 7' I. h/Pil- l'RA"~IE = Bpl-ultE CR11 I PBIP)'II, INO.1( 670(

C C Rot! = 'Pl'uj RR 1,~ F ''I zlk P lF i I'll /0) * 11111 f.) (lI

C I N)Ii 40

C. x-h7P P(tI,RA M I N Ill1 4t7 INU) 71ID
.7C I NULI 7017

C I Njl) 7A)0
(:4~*IMC l iN P1 11 Al/'A I ONR 1) 1tAUILT Il~ H )W IN (I INOl01-~ Il I (N ; 7'40

C. !NI 7910~P,(
F, OAAIA At.. ,X1 1=,) , Hl R11 II IIGC IUAM-MA I , INI -1f I , R )(It. I =, I 111(1 701

C R I-Cl'I'P= , NHAPI- xwi=R?rI-D1l=XIIR I-, G-,AMMAl, E 1,11, I N110 0
C N7'l=,0h0kI 'l l ,l)NI.)(u)(C KRI SlINL.AI-.,PRX,lS14% lbRol, ((i-l I I)) 7(7(O

-- I I. Il ISN(l t"ICSSARlY 1ll SPICI) Y ALL 04I 1H11 VARIABLIS5 SINCE ALL. HK1 INtO HV1)
c P'ARTfl P III-l FAD)) 01(N) ICGlURAl ION CAN Kit USFD. HoDw) V N, P0t 1111)) R'ID
U I (IL171W (I NN WINIMUM (MIA MklS1 HL SPIECIFIE-D I-lIP t ALP CONVU-IDIINAT IFIN I N(Ri 1-1)X
C MS-1C 110'1 15 , , 1,4,!-. IPlI'l 141-114-1,P-141. INU)) ((30

It Nit HA ESIPt D 0 I (0 )1 V l A[ II-I I Nl) 'W0(

F. A A) A' -. . . M, Nil(70I)) 0)

CI NI 93110

iLy***t IWPI I (AA AND .ATO I (INAI 21) ((C INH(1 2 1 iIlll~l.iNll "? 4

I. ~ C'7I" - (IDAlA INOll'l=2, +FN(1 I NOD VP)

:2~~ *.RARDl pa- ANYV AlI'l(AN')MI NI) HIADING IN UIIMNI> I -In in. INU 1i)70
C a4)AWD A**t XI Nl, 1 (1)');, CA71 lAM 11. 111)1)1J '7811QH

C "IS AP'E ((,I-10. b9 Ii I I NOI)) 7)l(

C. 11 (-'SNAP) (1(, LANDl NO). , IS- I NOD 1)7(7)
Y -- WAND W-' XI1, Nil-, CCI , GAMFIAI t 111111 1l (1I 101,1 NOU I '1

c j1- NS;HAPt 1,', ORI -i, CARO) Nil. 4 1I- no llII3 C1
41).NI X,?lI ?v ,1 filt 11)? , XII , Nil, mDE, I10111o0)0

),AlM7AI , I M~i oH . (I I NoIII" (I

I.L RI I NCll I , 1c ml , 1 (V -10

C. 417,A( 6 ,'- NIRINi * NC.ASE[, NPDINCII, KCIl SR 12 I . 1 1fi:IuoN A14
C If VO'1< P ' 0. .A14) N)). 7 AND) F)7LL)(WIN). Aol-- I NilIl I'P0

"t's)A l 7. All' I 14 'L) N I,- I' k I I , h I UN)), , NGCR)I I'I 111. l N(It17 11)

1, I NI111 1 1
11It Vt'-i-W1 I.1 CARO) NO. -, AND F(7L1(WIN). All--- INIICII AD

L *('VtAkl) 7 A)')) I-(ILl I1IN( PR)(11- , lit (07'I, I-C) A-7. INIlI 1'.10

I. NUIll 17-Al 1)0 NE AR)f I(,-NC(ASI-) OIIA CARIIS Pr'. (AS). I (otl, t

17>14o: 11,0"l PO'] lP I111N A) -(-L C.DNS1AN-P(FSSURI l(iN7A ( (INOI i1 I 7)1)771 I(I''(

C L)AoA Fl I... I, NII-177AFT KI Rho)'',' AI,/DPA)MMA(-1P. 551' all--,' '' ,

I. -aKM I I fit,) -'

e 7i'.Pill...................10A I ( P IRA11 1,77111152?IPE 4W IMllI"

I,~ ~ ~ ~ ILjA !I



A1 '") IIIA TM)) R1.IAM A X IS1YIMM-TN( I ,ASEF PR)- SlS I I 0))G.QA M
CH~t9()0T I N IIhT 351-2 I AGt A-- 'I

c ~I 'ft1)1 2 (I
FMMS 4 MS,,GAMMA 1=50)))I I ?S M4 -::'t2)/1f. ).A 4I74/ HI4'

I(1.4C 0 A7, A-I .0) /( , AMMA 4 1 .) (1 MS' 1) 1 N 310)
IFAMMNF(HFM,.AMAA(SI3T 1 1)(0MM.)( [MNkl*? ),/ INOUI 32

PRN M,*AM) 1.0+O.L,GM MA1.0 M~n Ip) INUI 'A 4 0

4-GAMMA/ (GAMAMA- 1.0) 1 NO0013',0
C INO(H') 3Af,

CIMI)N P-'"'i, CHtAR! CHA R-, P01, P2 , P3 Irn 3O -t7 0
C)IMMI)N '061 A 6(I) /(C I ,G(AMMA I ,t- MS , 1I, Xi 1 qII, K FI II?)), 1)130

GC ,I;AMMAI,4-MS 1CK1),R)F, OFTA) , I110- 1NOLh13 00
2 TRIOt-I , P R1II .RCf' UOM P, A.FMN I1 , P 1 .1 MF\,I) .4 1011f, IMNOI'1 ) 00

.3 NP R I N T qNC A S) I NC A S7 , L'Ir) , P060, iP4-,R , 4 vMMw , PRI- 0, I NOti) 410
4 NPIINCH,PRI-I)I , PR~[f , po)FOI ,,!SHfw O ,J14 , Pk I I1)- INOklI 420
11IM) NLSIN Pmk) 100l,'),?),# CHAP) f'b, 30) , ("AR-( C'). lT) , * (I(.[), P?15) 1 1N0U1430

1 P 3(') ), A( O) , PR(O ,0 1O RUC 2n) , 4-10 (?1() MOT) ( , 30) INII)1440)

I fit ))?) ,X)FIR)F ,G'CE ,f,GAMMAF I 4 MNF , (n) I , Rrr:))NL, NINEPT, I Mph) 4.101
NPR INTNCA-,NPIONCti,KPNFS5Uw, P, Pfl ,r t lINOU 1 170

C INO0LI 490
]I- ()NCA I. N1 .1) Go T)) MO (NO)))4'-!)

C I N:' (Nil! AL 17)- 70)2: *Di F AULT COI- C GIRAl I ON4 HA TA. I Not)) I 100
C*'"'I-Ilk 1141- (NT I)RMAL "ST REAM-- I MOO) I 10

X)II =0 . I (NID)) 50

k I I%3I.') I Not)I 10t

C A MMA) =1 *4 INOt'l ) ho)
i M-N 11= ) .) 1 NO)')I ',-70

jjj [14 lx Tf RNA L SiR f-Am-- I NO)) 580
NSHAPO =0 (MOo I Ig0c
X 2)t =0 * (NnO) 60))
P24-z=i1.) I NoilO 1
R f T)D2 I =1 .1 INOtol 620

1-0 .I NODJ1630I
.i =1) (NO) 140

:311W, IN01,l 660
G~iN3.3') CNDt) 1670
GAMMA) N1. 1) U))1 680

-MN I 'u0.0 1 N))Ii 1 690
R -CO MP=) * I INO)1 700
TRUE - I1 ) I (NEl)) 710

('*~ f tOR 111HE-OLE)- ANDI 4-NtIMY NA) 111-- I N oL 1720
NCASE=3 INOI)1730
0)0 8 1 (=),7) YN)1U11740
IWO (1I4=0 .0 I MOUt750f- F FRO IT) =9 .) INOUI 760
1~** I OlET /0)41 4-T 001 INS-- I MDC] 1770

NPR I NT=-i INMOU1790
N PUN CH 0= 4NOIII800

****I**NPUT DATA PRESSLR)- RAT IO (P1)/PE I S THE- 0)-EALLT VALIF)- INO~L1 81
KPRESR)l 1N0U1820

C4 t**REA) INPUT DATA BY MAMELTSI /UATA/ *INOU1 830

RF-ADC(5,ATA) TI) 2 GMMA, M4!

0 f NIPTW2 X!0 RTO 44 -~l,6) INUU1~i880

P-A)) (5,10) 1000)=02),INU~70

10 FOR11MAT )2')AI, /964-10.6,11I INOJI 90
C: iNI11) 9100

IF I N 5,HA0P- *NI .0 4, GO nT 3c, iNO)))910



APPINDlIX A. TWO STRI:AI AXISYMMi-TRIC. tiA.SI PR1-SSWRF PROGRAM
SURWOLJTIN1- INOUIT (TSANPP-?) PAG A-

UIAD (5$?3 XIA 9 RIF-, GCI-, tGAMMAF, FMNF INoI130

20 FORMAT (,,1- 11). 61 INOLII '4L
GOl 10 4-7 1 NOLI 1950

C I NOD 1 C60
A-) RFAD (5,321 X2(:t R?Fi R1-TD2L, Xlf-, RIE, (C.CF, COAMMAIF, MNF INOIJ1970

I? PORMAI I(iF1O.h) I NOU 9110
C I NIQ'QO

'4C) RI-AD (594?) TRDI:, ROCCIlM1, NPRINT, NCASF, NPLIINC.11, KPIAFSIR INOOO

47 ifIF) MA '0v r INOU2C)?0

C***ALCIII AT) [I1 ONW PR)C,PAM OATA. ]NnkU2nOA
. IV-( I N IIW T . -T .2) WRITE' 46P46) A INOU2040

B V A I IAl= 0 .0 174N4 1, 3L-B T 1) 1 INDU2060
I-MSII - 1-MSMNPII-MNII,CAMMAII INOLI?070
PRII = PRMNFMNII,CAMMAIl INOW2080
IPIHNOPT.NL.3) (4O TI1))' 4 1 ND? 00I

C*'*CALrULAlDN 01 Tl INTI PNAL-FLOW CONSTAN) -Pki-SRF fintINITARIES. INO)ICO
M1,2 '1? - .NCAS(3 IMMD? 1 ~0

2? CALL ACIDSiGAMMAI UMSI I vPR( I i vX1I ,RII OF1TA1I I ?.0*Rl ,I ,NP1 +1), 1 , I NO L2I12 n
1L [MIT,111 ',HAP(-I INOII?) 1301/ NCASI -3 INOII?140

R -T(URN I NOW 150 -

Cl~t*CDNI INIAT BIN (IV- PWF)oRAM DATA .ALC-IIL.Al ION. I NO(I? 160

OIF = 2.04K(11 INOW2 I HO

VMSI = 4-MMNI (fMNI ,GAMMAE) I NOUI?OI

PRIliFW PRlMNF IFMNF-,IIMMAF-)IW0221

R1111 - RII/RIV INOI.I2?O
IF( NSHAPI. W .)1 I;GO TH Y-, I NOWI? M

C* Fv*N -ORM i XI l-RNAL V-LOW WiT IT1 A fIt)AT TA I L. MNOU224C

R r R I F I NODL?? 5O
l-MNII- - FMNI INO(1?60
F-MSIt = msf I WIJ?? P70
P9RIIE PRIF 1001122110
PRO 101 - 1.-) 1 NOD?? '0
Gil TO S)R INOO?300O

C***VAITIIRBIY fit F(ORI TI~i kXI lRNAL STRt AMMS SI PAIATT(IN P'01NT. INOI?IO

0 6 WI I A2f 4 .0 174i3?xOI 1021< I NMl? 120

CALL ARI (GAHMMEi MSI02 , ? 11 1T A2, X 11' 1 F-, IHAt'F, I N01,12 ?33
II . NPI',,SI , Ni RR(1R ,CDRT I I NOH? 34.0

C*91 A Sl T -IIM' DAI A FlOR F-XTV-NNAL S RE- AM;aS SFP ARAI I ON PO INT . I NI)I23SO0
x I I =CHARE I I1 I NO02160
R IF C.iAR1-(2, 1 ) I NOW I370

I M"Il- V H'ARF(- I , 11NIMl? 90
I-MNi -NI-IIMA- INIID? -10

111TAIV 1< HARE(4,1) 151012400

MF1)I[Th '-I. 2cJ 1795*W' TAIF I NIMI?410

PRID)II PRMNFI(-mNXIF,,AMMfI INOU?'.?0

RI R?F INUM2~l440
H? 2.04R121- IN(III? 4NF

X21-O?1- X2I- /l ?V 1501124i0

XIIOI- ~)I1FI)FI NI 111210
DR I V1 UIII/D?f INCO?400i

A 1 f- (I INI IPT . N . 4) 00l 10 6? INOWI4'lg

Cv**tChL'IILAT]1 N WTIVI 011 WI THDIl AN Al Iifily RIDF 14 11 FXlF-RNAL--F-lOW I NOII2SOO0
C CIINS7ANT -P'd S511111 IDNIAR IE- (INLY. I NI I510
C INIII;??

II- I ICA5I .1 Q.)) PS.TIRN 10H1? 5

I lI f-0 I'IDCi I4 n ,,L ,.' oI

6') CALL ACFI;PMFIRS1 P()vll11'-TAlOl NFIN3+1 Ir~;N

1t ?,LIT RP1I.W),NSVIAPH I INI ?R

h G



AP'FNDIX A. TWO STPFAM AXISYM?,IF1R[C PAS[ PR4-SSIIR( PROGRAM

SIRROLIT I NFI1 NO[LIT I TSAPF'-2) PAGE A- 9

N-A SE= I Nk' i"70

RFTURN I N (12590
C****tR-ECOmp~iFSSI0N COEFICIE5NT DIFTEUMI8ATION. IN0(1200

62 1 I(REC (M.4T .I. OE-03 ) GI) TO h6I020

IF 1850684-,.N .0 1 GO TO 64 IN(ILI2&1 0

Ct*ttFOR CYLINDRICAL AF-TUN431IES. 1N01)2620

RICLIMP = .48,F3 + l.OHF()RIF1 l .7tI1* 4 03*RIf3INOLU263O

14TO 6h 180112640

(**41-RBOATTA] LF1) AF TE-.RB14IES. I N0U2650

64 RECOMP = 1.0 180142660

Ct*a**PINCH OIITPLI I( 41 0185 AND CA'd OAT A. I N0U2610

66 I F I 881)80. E0.) 1GO TO 80 1N0U2680

C INO011690

WRITE 47,681 A 18014270

68 FORMAl (2))A4 I I800.2 710

c 1NOU2 720

WRITE (7,7)) EMNi I. MTI-Tll 1)119 501, GAMMAI , 1801,12730

1 MNE, 81-1014E, DIE, GCt-. GAMMAE, 1801)2740

2 XLIDhI, WIL-i, Rf-COMPb TROEI INUU2750

7) FORMAT 49 X,3HM11,8X,6H8F-TA1I,QX,3Hl)11,10X,3H00I,QX,6BGAMMAI,/? 18002760

I F13.3,F13.2,F3.4,-13.2.4-i3.3, ii, 1800t2770

2 1)X,2HMF,DIX,6HMELTA1Ht9X3HI)1F, 1OX,3HGCFqX,A'HGAMMAE,/, INL0U2780

3 (-13.3, 13.2.81I3.4,F13.2,F13.3t// 1N0U2790

4 7X , 7HIXI /DIXE6X,7HDj1I/DIE-,7X,96H81 C(MP,AX 9YMT(IE/TD , /t IN1802800

5 113.2,I-13.4, 1X,213.5,// I INOU2MI0

I1 INSHAPE .F-0.0) GMj TO) 74 N0U2830
C 1 N0U2840

A WRITF (7972) NSHAAPE, X2L4)2Et- ), XI2E, 0414-24, (AI-TD1E 1N002850

I? fO(RMAl 45X,17H81)ATTAIL - 854-468 ,4X,7HXI.I/D2t. ,4X, I8NOW2860

1 THTHFTA?E ,SX,6HXR/D2V ,5Xs6Hf3/D)2E ,5X, 1 N002870

2 7iTH4ITAI,/,19XY,II,2X,')FLi.3,//, I N0U20813

Xi3 bX,6H001/PE,bX,6HP1I/PI b,5,94P1/F,7X,IHCPA,RX,IIICDN,8X, INOUPH9O

4 3448M4,8X,200T) IN0U290O

GO TI) 40 IN8(12910

INOIJ2920
74 WRIT ( 7,761 02930

1 IX 1,3HMI-,HX , ;HICT I 801(29511
INCH)1 960

80 NCAS = NCASI + 1 18002970

CS;K4*$TRANSI VP OR REM) NEW CAM DIATA. kNOl2 980

GO TO (82,84), 18(181 180112990

82 PRATIO:mPRiNCA1,iI 1N80U3000

HL4)RH'8Ro(INCAS))I I N003010

FNGRO=ERo(NCAS1 I I8003020

GOI) 4) Ail) 18003030
C INOU3 040

84 RI All (5016) PRATH11, 4()*4RI, t-NGHk4 18003050

86 F'I-ORMHA T (3 13 J. 6) 18IN1)3060

H c I 8)103070

B 8H II- (RPRLSR.NI. ) 14 I TO) 90 18011)3080
I1K t**)-()1 P11 /84- (P1 I141I INPUT. I NOU3090

I'Ri 11 V-PRATI 1) 1 NOt13 100

P K H1 If- PRkI II U PIl 18N0(1)3110

H4 TOD 92 IN18031 20

[-**4114 8111/P4- 1881)11 I 11-WIT. 18N0431 30

U)PRII E Pk AT 1II N184143140

8811) t- PRI8) 11 *Rl1)1 IN(800315:0

.4' *44 4CALCt)LAT4- 9641)10 PRE SIRE RATIO 10F-4MM NFW C-ASF- D)ATA. 1801431 60

92? PROEO 1P R I (I I /4I84k14 E p R1II I N 10 t1'417 0

P (11 F 1 *-RL( I-'8 *pR4)01 18I01)31430
FIR 11 14 PR41 (1 / (PH1-lH 1'R111 1 1-8I1N413190

881F4-=PR1011*PIOII) /PRI-4)E 1NI44)2(00

67



AP-P INIII X A. TWO) ST~f-AM AXISYMMfIRIC BASF PRI-SSIIRF PRIU;RAM
SL)BROUT1INF I NOIJT (ISASP-? PAGE A-i

C***n*PR1NI CASI DATA. 1N013210
WR I I)- (6,94) (l1l-,0,NCASI 1NO 11 3220

94 FORMAT(lI4i,N X,?064,?OX,I-IPRORLPM NLJMBEI4 13,//) INOU3230

C 1 N00I3240
If-INSFAPF.[D.3) CU) TO) I10 I NOIJ*42SO
GO) TO (1iOD,1?0,140),NSHAPL NOkJ31260

~Ion WRjiT (6,110) IN,9I3?7O

i11 )FORMAl (29)X,21H '5**OGIVI- f1CATA1L*C4 i/ NOI)3?90
co TO 16 I 501i3300

120 WRIT)- (6, 130) IN11 3320
130 FORMAT I?-7X,2L0 **PARAVILIC IBOATTAIL*t* /)INOI'3330

GO TO 160O I NO)J3340
C INO1IJ133O

140 WRITf ( 6, 1O0 1 N1)3360
1L,() FORMAlI (ViX, 230 *4*COiNICAI r5)11Al L*t4 I/ NU13370

C 1N003380
160 WRIT: ((6,1701 3 X?, 02):, B102:, F-MN):. COAT, PRIFE 1N003390

SI 70 FORMAT (1i3X,6H X21: ,F6.1,7X,fiH R21= ,.3,YX,14H BETA?) COEG)r , 1503400
IF:7..,/915Xp)4 fMN): s ol-7.4, 4X,NH COST - F6.1, 1O03410

2 7X,911) PIE/P: --, )7.,//) 1501)34210

c 15003440

I (;AMMAEGCEi 41) .1 F, wf-1) 11 , F-MN 1F , (-M SIIL, PR101)U 1 5I01Y413u
190 P556M1 ( 10 X,.4 I1 * ***TNO-Sl REAM BA SE PRE SSURE PROGR.LAM** , X, 1503)"A4 6 0

1 10H PROS. NO. IA,//,27X,230 **-**INIO I)ATA****,//, 1501.13470

2 ?X ,?22H -*l*NT):RNAE STRFAM**', /1, 11340

3 ISX,91) (AMMAjw P1.3, hX,16H (.All CONSTANT = P2.11H LM-ol/LR-k, 15(103490
4 / ,i5X,OH X11 Ir E.3,7XAH k11= I-.3,4X,i4H IVTAII110= F-7. 3,!, 1501)3500
5 1%X,PH EMN)! 1I-7.4,4X,3H I-MSII =F7.4,6X,10H P311/11il] -F7.5, IN1O1i51
6 //,2)1X* 21'H *tD*)XIERNAL STWI-AM*** , /1/, )NDOO33 U
7 1iOGAMMA)-= 113 5x,ISH GAS CONSTANT =17_1,111, LB-f-IT/LfI-Rt 15)13130

Ui / 1ilX,GH Xlf- 16.3,7X,61-1RiE-= (-6.3,9X,1',N BI I411-)OEC-i= F73,/, 150031'40
i')VX, fill 101):F =1i7.4, 4X AHO [lii S F -7.4,f,X, I Vi PI)-/POllt- =1:7. 1//) 15NOW;3b 0

C I N 013560
200 F(10Mb) P 21 X,9 36H- *****tbA SiI'l POE U110 CASE (SAl A*t*4, 1 150031

1iX, 1 H P11 / 01 = 1- 9., 17x , I10 Tilti/ f )I= H8.0(71113590
2 1 L), '41 IILDRCI 11?" I 1)X , 914 [NGR) r 1 12 .~I)5030

CI 11136 10
WR IT ( 6, 2 10) RF-CLiI' I f50113l(20

21'r) F:OOMiT( C 15. '2-l **RiC1IMPNI S (IN CI)VIC IFNi - 1. , 0" ,/* I NOiI363O
1 lO, -'5 t **t'~'t44* *4*****t**~**.*4O*~**4*C /I1N111tf40

C IN,)) 651)
R[ I (iON I NOii3660
F Nil I NO) 3670

......



APPFNLIX A. TWOI STRI AM AX] SYMMF TRIC BA.SE I RU SSIIRU PHOLWAM
500140(11 IHF nO11 I TSARPP--2l PAG!- A-IlI

SLIFIIIK)JT] NF OOTi I M (I, A, FMN1 1, ,('III ,PROIT P P RI1 ,PRDD 0 4, TROF I, PR1 IT , 01 ME 1n
1FMNIFPR1OER(11[pBlFPRR1]-,I MN[,PkEnIHPRLIOL, PRO I[,O1MJ 20

2 P)RBE,NPR1NT,1LL)ROEN(IHD,NSHAP I 0191 30
C IETMi1 40
C *****SLIRRHIt(NE WRirr S OUT1 HEAL)IN() S ANI) CURRE-NT D)ATA (1l,111 IG Tiff OTMl 50
f- INVISCIO FLOW FIELD1- CALCULATIONS. Oili t%0

C. **4VARI 401I- 5*'* OTMi ISO

C (11M1 90
C I =1-1 U VALUL- [IF 110i I NPIT BASE P14 S 111Ri kAfClI), * TMl 1(10
C A HEA[DING CARL) DATA. OtMl 110
C nTMI 120
C FO (10 M 110 H5141AM AT 1L1!), (IF)-, OR (F-IRI--ST'l1AMI. (1191 1310
C 0191 140
F EMN MACH NOMBER. nTMI 1 '0
C PHIR 1l 0 1 SIR- RAT!!1), OF/PEI . 0191 I1(0

r. P141 PR E'RSSIIRE RAI IDn AT (II, P'1 /I'1). DTMI 1703
o P14111 BAI- PRf SSUIH HAlI]O, PB/Ph). DiMi 10

c PR4111 BASf PRI-. SSI1HE RAT IO, PD/Pt. OTMI I1'l0
C OTMI 200
C P14111 = I NI-HT S A I IC l- SSiRI- RAT 10] OF SIHRI:AM',, P11 /PU . 019m1 210
I- I141WI =S IAGNL I I1N I MPliRA IH NR AT 111 (OF ST7REAM S, T0/I HlI. 01M91 220
C POFl1 S1IAGNAT I (N PRE--S 51RE RA T11OF SI SR1 AM'5, P1WF/ (1D1. 01 " 1 270

C NPR I(Ni? SI- FSIIRILl TIN[ * INDIIT * * ilML 240
C (ILOiRO, I-NORO = S PEC I I ) VALUES 01-- THE L ~-L1 AN)) I NF RGY ' A T I OIs. 0191 2'-')o
C NS1IAP I =0 , NO BOAT I A IL . (11 60~

c=1, 2 (11 4A---IBIIV1 , PAHAfiIIC , OH COIN I AL I'1AI TA ILL-S. 191 210

1) 1 MI NcI[IN A 1201 111M1 290
I F (NORI NT ) 10 7, 101,99 IlliMi 3001

0TH] 310
99 WRtI T) I6, 100) MA J I ,J=l 920i ,P4lII-,iROV I ,PHOIO! ,I'l%) , OTMI 320

1 RL DHO , I NGRIL, I hiT Ml 330
I.o10 FORMATi 1II1, '3X, 2UA4, /11 (11 340

1 1 SN, SH ***tS***P*TWOI- S RE AM TIASL PRE SSUR)l I' RU(;AM**44 , /, 1 Ml 350I
2 ?7X ,2%)) -******CIRRU-NTI (41A 4~bl'** ,//, tITMl 316o

j15)X,] I1H P 11 /1E J-944 I -K, 11 TIU/TIl = FDhl/ 09 370
4 15K ,l1H POE /P01 = 19.*',l1 ,I1H POI1i' L F ,i,0TM 1)

o ?X,311) 11<141 IASU PHI IS114) HAl 10) NO. ,14,/, oLiM 1 400
7 2?X,31H 4*4 4* vcc'* 4* I,/ 11 110

WRITE: (6,1)11 E-MNi I , PRI1)I , PRMILI ,PRBLIL , Ill1N1 430
I FN I I P'IH L , P k 1I)1]IU, 1 R)11 I1 MI19 440

I) I I FOMAT I ?11Xt??H **tI NT I RNAL SlRE-AM t** /, 0 19M1 450O
*1 15X , 8l1 1UMNI i 7 1-.4, 25X, I(Oil P1I1 /POI 10 .6 , //1L ME A6))

2 15K,'!) I'l/PIl 862X1 R/l 1 7

3 2BKO,?U "*FX1ltNAL STHUAH4**, /5M 4,90 8(
4 15KVIII) FMNli- If/.4,25KX,1 11 PIF/P'II) t -. 6,//, 0191I 490)

5 15,'))) PB/Pur UHt,1K91 PLIIl i-1,/ 1 1 ()h0
CT 'M! A'10

WHITE ((1,102) L MN) ,P14-11E,PRHIil Pi 019l11520
f) 1 (RMA! I 'ON, 17 -ill~ +;ltI STII4M*** , //, 01 M1 530

1 1'-.,704 EMNU v- 1-1.4, 23KX, '31 PE:/PUI- = -. , /1, 0-)1 40
2 15X, 14H P13/PIlE- F-8t,v 2OK, 9H) PII/91 =1 Il.,,/ 11 "501jI C 1 60

I FLNSHAPU 1 103, 103,105) 1191 '170
* I1UTMl 511)
*~~~~~i 1)1 WRT 6,)11, '0

1')4 VLIR MAT I ?1IKX3?11 (NOl RHIIlA1L. REf~-1114- BAYh 44* ,/1 111M 1 ('00
RFI (RN (ll M1 f,10

ISWIk I TfI f(,1" NI)I F - mIN 630
.3 Ii-(IR MATLI/%K, 27H)t~ HLIAI IAT[ Nk,lIAP1 [) ME~ 1.0 *4 / ((I

1'0 1LUH (m I f. n

p0 3



APPENU)IX A. TWO STRFAM AXISYPMTRIC BASP PRESSURF PROGRAM
SUBROUTINE ACPFS (TSA3PP-2) PAGE A-12

SUBRUINE ACPFSIG'AWMA, FMS1,PRATIO, XCO,RCO, BETAO,RLMT ,NCALC,NPTSI ACPB 10
1NPRIN7,NJFLO84NBPTS,BPTS,NSHAPFI ACPB 20

c ACP8 30
c44*AXISYMtFIRIC CONSTANT PRESSURE BOUNOARY SUBPRO.R4A (ACPBSI * ACPB 40

1 ACPB r)0

C INTERNAL FLOW (NFLOW=I) --- UNIFORM ORW CONICAL SUPERSONIC FLOW. ACP6 60

C CALCULATIONS ARE POR THE *LOWER-HALR* ACRF, 70

C OF THE PLOW FIELD. ACpB so

C ACPU 90
c FXTERNAL FLOW (NFLOW=2) --- INITIALLY UINIFORM Ski-FRSnNIC FLOW. ACPB 100
C CALCULATIONS ARE FOR THE *kUPPER-HALF* AcpB 110
C OF THE FLOW FIELD. AlPa 1?0
c ACRE) 130
C NOTE --- INPUT AND OUTPUT DATA ARE FOR THE *UPPER-HALF* OF FLOW ACRE) 140

C FIELD. THE ADJUSTMENT fit: THESz DATA FOR THE CALCUILATIONS ACRE) 150
C IS MADE INTERNALLY. ACPB 160

C ACRE) 170
C SUBPR3GRAV REO(IJRES---OU(TPUIT,PMSBR,(IFLOC,CNFLOC,FPPS,APSCPBS, ACRE) 10
C MCRtTA,OUTB0Y,l-FST. ACPB 190

C ACRE) 200
C. VtUVARABLES*&* ACRO 210

c ACPB 220
C GAMOA =RATIO OF THE SPECIFIC HEATS. ACP6 230

Ci EMSI =INITIAL MACH STAR AT POINT I. ACRE) 240
C PRATID= fEA0>INSIU)N PRESSURE RATIO If/PDo). ACPE) 250

1; XCO LJI(IOUDINAL COORDINATE WHEjC FYPANSION IS CENTERED. ACPE) -60

C. RC = RAIAl- COORDINATE WHVRR EXPANSIO)N IS CENTERED, PflSTIVE. ACPR 2-70

C BFTAO =FiLOW ANGLE, RADIANS, AT (XCO,RCO) FniR INTERNAL FLOW, POS. ACP9 280
C RL-MT LIMITING VALUE [IF THE RADIUS FOR TERMINATING CALCULATIONS.ACPR 2110
C (MAX. R FOR INTERNAL FLOW ANDI MIN. R FOR EXTi-RNAL FLOW) ACPE) 300
c NCALC =CURRENT CALCULAT ION ,-IMBER AC PB 310
C =1, THE INITIAL CHARACTERISTIC DATA1 1. CALC.ULATED. ACPB 320
C . GT .I , INITIAL CHtfR. DATA T AiEN FROM ONE OF THE STORED &RR'\YS.ACPB 330
c N 'TS = NO. OIF POINTL OF INCREMENTS ON INIi. ,lI-CHARACTERISTIC. ACRE) 340

C NPRI NT= -1 I R 0, C .P.13. IATA NOT PRINTED. ACRE) 350
C +I, F :'.B. DATA PRINTED. ACPE, 360
r MFL0l =I, 1'j 'RNAL FLOW. ACPB 170
c 29 LXTERNAL FLOW. ACPE) 380

C IiPTS =NCJMRER Of- BOUNDAR1Y POIN- S CALCUILATEIO. ACPE) 390
C w1'(I - BOUNDARY 'TOINT OrTf. ARRAY, N=1,LIMIT. ACPB 400
C I"11 LU HARI, CHARE ARRWfS FOR MI'IHOO OF CHARACTERiSTICS. ACPB 410

C ACPB 420
C *' ' ], OU DTA (TIN (IMUFR I ACRE) 430
c ACPE) 4',O
C I NI't. OATA TO ACPRS ACPE) 450
c PRAT iI.= EXI>1AN' ICN PRESSURE RATIO( (P/PD). ACPB 460

I MN?' MtCH NUMBER ALOING BnIJNFARY AF, ER FXPANSION. ACPB z 7
EMS? . ALO1 STAR ALONG BOUJN0AkY AI-TER r--PAKNSInN. ACPB 480

X =LfINGiOUINAL COORDINATE OFI BOUNDARY POINT. AC Pj 4q0

C R RADIAL CCORDINATF OF BrONDARY POINT. ACPB 5PO
C T CT LOCAL I-OW ANGLE AT VUJNIARY POINT ( IN QDEGRFESI. ACPB 510

A C Pf 530
I N1,D F114 P144 00 2 C LH A 10 1 , C H AilF(5, 3D1 P1)5i, P2(5), ACPR 5 4 C

PA 5 , BP fS,3 0 1, S IGr" A L P B)"

Cf'(IN PR, CH4AR ~,CHAR)-, ~ P3 ACPB 560
I Tt*pjpI1 D)818, SUME- O1)1k1 U D)ATA, ANIO COiLUMN HEADINGS ARE PRI NT EU. ACPB '7 (
(,ALL I1TPUJT iGNMM , -S 1, T I (I. F IAt I R. IN T. N F L I WI A C p 'Rfn

C, I-'SP NP IT U)ATA FOR~ Isl, V y1) CACIH'[ATIUNS. Ac PH 1',
F] 0 10 (2,41 NT. AC'PO R 60

%,-' A crF 6?0

0) -IO 7 t! ACRO f (I



APDFNFWIX A. TWO STREAM AXISYMETkIC BASF PRESSIIRF PROGIRAM
2SURuTINE ACPAS ITSABPP--2) PAGE A-13

GO TO 6 AGFA 640
4 RC=RCO AGPF3 W O

XC-XCD AGFA 660
8ETA=BFTAO ACPA 670

6 CONT INUP ACP 6p0
C**,**SFT SIGNS FOR CONVERTING OUJTPUT DATA TAl THE 4IIPPEP.-HAL-F* AGFA 690
C OF THE FLOW FIELD. AGFA 700

CAGFA 710
D0 30 M=r1,5 AGFA 720
GD TO (1.0,NFLOW AGFA 730

10 S IGN ( MP(1 . 0*M1 AGFA 7t30

GO TO 30 AGPA 750
20 S IG N (M.I. AGFA 760
340 CONT II2OjF AGFA 770

C* * THE MAXIMUM NUJMBER OF FAMILY I CHARAGTFRISTICS FOR WHICH AGFA 7AO

C CALCULATIONS ARF MADE IS SPECIFIEDI HERE (MAX. LIMIt IS 30). AGFA 790
C AGFA 800

LIMIT=30 cB ~
C*4',*THF INITIAL Il-CHAR. is NOW SIJAOIVIOFI) 2ND THF INITIAL CHAR. AGFA, 820

C DATA CALCULATED (MAX. ND. OF INCREMENTS = 29). AGPA P30
C ACPB 840

IFINCALCr-I) 50,50,110 AGFA 850
,D GOn TO 160,9)1, NFLOW AGFA 860

Ct*-* *FOR INTERNAL FLOW FIELD. -AGFA P70
460 IF(ABS (AETA)I.OE-41 

7 0
p

7 0
v

8 0  
ALPA RE O

C*Y4FUR UINI FORM FLOW. AGFA B9O
70 CALL JFLDCICAWMA, EMS, X, RC ,NFT SCHAR INF LOW) AGFA 900

GD TO 1 10 ACJUB 910
C**t.4*FUR (INI CA, F-1 OW. AGFA 920

80 CALL CNFLIIG(,AMMAEMS1 ..TA,XCRL,NFTSI AGFA 930
GO TO 110 AGHAB, 940

C::,*x**FUR EXTERNAL FLOW FIELLD. AGFA 950
90 IFINSHAPE) 96,96,100 kCPA 960
**-zFOR U)NI FOR M EXTE RNAL F LOW WI T HOUT A BUAT TA IL. AGFA 970
96 CALL OPLFLCIGI- MMA,FMS1,tXG,RC,L IMIT-1,CHARFNFLOW I AGFA 980

NP) 5L (MIT AGFA 9390
GOl TO 110 ACFB1000

CC-t *F*PR UNIFORM EXTERNAL FLOW HUIH A AUIATTAIL. ACPBiO1D
100 LIMIT=NFTS AG F 8102

Ctt**% THF PRANOIL--MFYFR EXPANSION AT (XCRCI IS NOW SUPI,VIDED. ACPB1030
*110 GALL FMSRRIGAMMA,FMS1,FRATIO,0)-TA,XC,RCK( ACPB1040

C9.tl,*K1 IS NIIM9ER OF FAMILY 1I CHAR. FUR SIIAOIVIO)EO EXPANSION. ACPA1050
*I = K I AC PR1060

C(t-STORAGE (IF INI TIAL BOMUNDIARY POINT DATA. ACPkI070

DO 120 M1,4 Ac PBLIo~o
120 APTSIM,1 h-SIGNIWIAPMA (Ki,M,11 AC PAL 100

E~CtC~THF INITIAL DAQY POINT OAIA IS PRINTFO). AOL

GALL UUTWIY(,NPRINT,O3PTSI ACPAL1120
C''1-1' TH- fLOW FIELD1 CALCULATIONS) ARE NIJHq MguE ALONG( FAMIlLY I CHAR S. ACPpII30l

STARTING FROM TH E INPUT POINTS UN TiHE SUIOOIVIDILO INITIAL ACPA(110
FAMILY 11 CHARACTERISTICS TO Il-F AUIINOARY. THIS SEDUENCE IS ALPBI150
NO'T APPE ICA~iLF FOR THE Fl RSl AND SIJBSEDIIFNT AX!IS P01 MS. AC P81160

ACPAI1170
00 113) N 7,NPTS ACPB) 180

'C'4t4IAO INITI1AL FAMILY 11 CHARACTERISTIC DATA. ,CPR1190

HHi 1 '),) H= 71,4 AC P81200
AlBTO, 1 13), 14', HF-LOW ACP'LA 1210

'71 'm( I1, M, "CA I~.~ 1(W N)I LCFbl220
GH TI1 1"T AGFA) 230

I) IFpI,M, 2I-CH1 WE (M,N1 AC. P8 140
IFClF'4T I CLII ACD1PEO -(

A I U' (1 oFAT IONS AR! POlP 1FF CLIRRI-NI Nv--Tbi HIFINI OIN THE INITIAL AL PIF]2WO
AMI I V I I HIANFA(. II RWI TICF, Ar PO! /70



APPFNI)IX A. TWO STREAM AXISYMMETRIC D ATE PkI S SIIREF PROGR AM A
SUBRUH1 INI[ ACPP S (TSABPP-2) PAGE A-14 S1

C ACpPR12 B 0
On 16.) L=I,R ACr'B290

C*****.*CALCULA1 IONS ARE. FOR THE CURRENT C-RH EX(PANSION INCREMENT. ACPB1300 C,
- ICv**4tLOA[) [IA/ F (PLO POINT CALCII AT ION! STOIRE DATA. ACPP1 310

CALL MCATA ,L,L+1,L3,RITS( ACPB1320OC
CALL PPSIGAMMA. F), P2, P3, NERRORI AC PRl330
IH(NERRORI 270,154,154 ACPB1340

154 CALL MCD)ATA(2,L1,L2.L+1,KPTS I ACPB1 350
160 CITNI INUFV ACPB1360 U-

C***&*ALL FIELD) POINTS (IN N-TI] FAMILY I CHAR. HAVE BEEN CALCULATED. ACPB137O1
Ct***LOA) DATA/ BOULNDARY POINT CALCULATION! STORE DATA. ACPPB1360C

CALL, MCrATA( I,R4 1 ,R+1,L3,KPTSI ACPB1390
CALL CPPSIGAMMAt P), P2. P3, NERROR) ACPB1400
IFINERRORI 270,164,164 AP11

164, CALL MCD)A1 Al2,LX,I.2,R42,RPTSI ACPR1420
NBPTS=NPPTS+l ACPBI1ATO

17 O0 170 M=114 ACPB14 0O
10BPTSIMN)tSIGN( M)*P3IM) Ck15

C* ***C-CHARACTERISTICS DATA SHIFT. ACPIS1460

CALL MCD)ATAI3,LI,L2,L3,K+21 ACPB1470
C*t***THE CURRENT BOUNDARY POINT D)ATA IS NOW PRINTED0. ACPIAL40

CALL OUTBDY(N,NPRINTf,1PTSI ACPB1490I
CALL TEST IRLMT,NSTMT ,NFLOW,N,BPTSI AC

0
B1 500

GO TO (183,26II, NSTMAT ACPB1 510
C*A***AO)VANCE INDEX FOR4 NEXT INPUT POINT ON INITIAL CHARACTERISTIC. ACPB1520

180 RRK+l ACPBI 530
GO TOI ( 190,12 69 N F LOW ACPBi 540

C*****THIS SEDUENC- APPLIE.S ONLY TO THE INTERNAL FLOW WHERE THE AXIS A CP B15 550
C POINTS AREr CONSJIIERED. ACPB1 560
C **

t
v*THE NUMBER OF POINTS TO BE CALCULATED ALONG EACH FAMILY I CHAR. ACPB1570

C IS, NOW CONSTANT ANID GiVEN BY RI. ACPBI580
C ACPBISOO

190 Kl=K+1 A CPB 1600
RPTS=K1l 1 ACPB1 610
N=NPTS ACPB1620

C4*4***THE ELEME-NTS IN -,HF N-TI] COLUMN OF THE PMB ARRAY ARE SHIF F) AC PB1 630
C DUWN ONE RUW In SET-UJP 1 HF CALEA(LAT ION SEOULNCF * ACPB1640
C ACPB1650

DO 2 10 L=3I,R1 ACPIBn16-Pl

L1 K1-L4I1 ACPBI67O
(if) 203 M=1,4 ACPB1680

200 PMb'±i+ I,M,1 )=PMH(LI,M,1I ACPB16901
210 CLINTINUF ACPR1700

C**Aa'ITHE CALCULAT IONS ARE MUM MADE ALONG; THE (P4+11--TM FAMIL'Y I CHAP. ACPB1710 I
220 N=N+1I ACPB1Y2O0

Ct, ***LUAII DATA! AXIS POINT CALCUJLAT ION! STORE DATA. ACPB1 730
CALL MCIIATAI I, l2,L3,I<PT S ACPBL74O
CALL APS ICAMMA, P2, P3, NERRORI ACPBI 7kU
IF(NERR(IRI 270,224,224 ACPB( 7ACl

24*CALL MCrIAlA (2 ,L1I,.L2 ,1l,RKPT S ACP6 I770
C.*4*a--CALCO LATION O - RE-MAI NDER OF FIELDI P01MmI OiN N-TN FAMI1LY I CHEPR- hC Ph,1TR.

1)(1 230 L=2,K1 ACPF,1YQO
C****LOAO DATA! El FED1 POINT CALCIJLAT ION! STORE DATA. ACPR) R0fl

CALL MCI'ATA(I1,L-I,L+1,L3,RPTI ACPRIHEIO
CALL FPSIG;AMMA, PI, P2, P3, N[RROR) ACPR1 (1/1
IF (MIRROR] 273.,22H,228 ACPBlo"'

22R CALL MCOAIAI2,L_]I_L,L,MPTS I AC PBl pm
230 CliNT I NUI ACPDI P'

F ***LI) DATA! BITINDARY POI NT CALO-LAT hIM! STolM DAT A. ACP!F-I
CALL MCDATAi1,KlKl+IL3,RPTSI AC' I "
CAIL C CP1; .AMMA, P 1 P 2, P 3 , NI- k.1(kk ACr P I It

1

- I NIR R r(RI 2 7)1 ,?4, 34 RTI AC P!I HI
234 ALL ~nATi7,L,L2,K1IK1S)AlP

Ni0 NK T 1 ( I,' It



APPEN~i A. TWO STRFAM KISYMMETRIC BASE PRESSURE PROGRAM

14 SUIBROUTINE AUPBS ITSABPP-2) PAGE A-15

1)0 2 0 M-1,4 ACPI-192D
240 R3PTS(M,N)=SIGNIMI*P3(M) AP13

0 C***4*CIHARACTFRISTICS DATA SHIFT. ACPB1940

10 CALL MCD)ATAI3,L1,L2,L3,KPISI AGFA] 950

C*****TIE CURRENT BOUNDARY POINT DATA IS PRINTED. AC281960

0 CALL DlUTHDfYIN,NPRINT,BPTS) ACPB1970

aCALL TESUIRLMTNSTM1,NFLDnWNSPTSI ACPB1 9B0
GO TO (250,260), NSTMT ALPB1 990

r)C*****CO.MPARISON WITH LIMITING NUMBER OF FLOW FIELD CALCU)LATInNS. A CPB2(00

>9250 IFIN-LIMITI 220,260,260 AP21
Ct I F NFGAT IVE, CONTINUE CALCULATIONS. ACPB202)

C Glt*4IF ZERO OR POSTIVE, RETURN To MASlER. ACPB2O3O
9260 CONTINUE ACPB2O40

9 270 RETURN .ACPBZ050

END ACPB 2060



APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROG1(RAM
SUBROUTINE CROSS ITSAB.PP-2) PAGE A-1b

SUBRUIJTINE C'OSSIGAMMAI ,BPTI ,LIMIT1 ,GAMMAE,BPTE,LImiTE,NIC,NEC, CR05 10
1 NSTOI TJMLITJMLE,PRsHOK.NPRINT) CR05 20

£ COOS 30
Ct *t/stHIS SUPROOTINE CALCULATES THE IMPINGEMENT POINT OF THE COOS 40

C SIPRSO IC INTERNAL (I ) AND EXTERNAL (E ) STREAMS. COOS 50
C COOS 60
C SUIRO~l'TINE REDUIOES --- POSHKSLIP. CR05 TO
C CR05 SO
C ***VAVIABL-ES*&* CROS 90
C COS 100
C GAMMAI = RATIO OF THE SPECIFIC HEATS FOR THE INTERNAL STREAM. COS 110
C RPTI = INTERNAL STREAM BOUNDARY DATA. COOS 120
C LIHITI = NLUMBER OF INTERNAL STREAM BOUNDARY POINTS. CR05 130
c GAMMAE = RATIO OF )CHE SPECIFIC HEATS FOR THE EXTERNAL STREAM. CR05 140
C- OPTE = EXTERNAL STREAM BOUNDARY DATA. COOS 150
C LIMITS NUMBER Or- EXTERNAL STREAM BOUNDARY POINTS. COS 160
C NIC =LOCATION NO. OF INTERNAL STREAM IMPINGEMENT POINT. COOS 170
C NEC LOCATION NO. OF EXTERNAL STREAM IMPINGEMENT POINT. LROs 180
C NSTOP I , SOLUTION FOUND. COOS 190
C 1 , NO IMPINGEMENT. CR05 200
c= 2, NO SHOCK SOLUTION. CR05 210
C =3, IMPINGEMENT BEFORE SEPARATION. CR0S 220

CC TJMLI =INTERNAL TIJRBULFNT JET MIXING LENGTH. COS 230
r. TJNLE EXTERNAL TUJRBULENT JET MIXING LENGTH. CR05 240.1C PRSHDK =STATIC P0155. RATIO (RISE) ACROSS OBLIQUE SHOCK SYSTEM. COOS 250
C NPR INT = SEE SUBROUTINE *ImnUT*. 1005S 260
C COOS 270
C BPTICM,NI AND BPTEIM,NI ARE BOUNDARY POINT DATA ARRAYS WHERE CROS 280
C M=114 AND INDICATES VARIABLE AS IN PMB ARRAY. CODS 290
C H=1,LIMITI DR LIMITI- INDICATES THE BOUNDARY POINT. CR05 300
C COOS 310
C COOS '320

EMNMSFIEMiS,G;AMMA)=SCJRTCCI2.O*(EMSV*211/IGAMMA+1.OH/I CR05 330
1 I1.O-IIGAHMA-1.C)l/IGAMMIA1.OII*IEMS**I) I CR05 340
DIMENSIOIN X11301,01130),X11301 ,REC3DI,BPTICS,3U1,OPTEIS,301 COOS 350

C*****LOIAOING OP- CONSTANT-PRESSURE DBOUNDARY POINT OATA. CR0S 360
00 10 N=ILINITI COOS 370
XIINI=BPTIC1,N) COOS 380

10 01 IN) -BPTIC?,NI COOS 390
DO 20 N'zl,LIMIT- CR05 400
XF(NI IPTECI,N) CR05 410

20 REIN) cBPTEI2,NI COOS 420
C*#***SET INITIAL VALUES. COOS 430

NSTOP=1 COOS 440
P R SIOK =0 .3 COOS 4501
NIMAX=L IMIT I-1 COOS 460
NEMAX=LIMITE-I COOS 470

C***V*CHECK FOR IMPINGEMENT UPSTREAM OF TUE SEPARATIOIN POINTS. COS 450
L.**v-,

4
FOR T11lE INTERNAl 5301-AM. COS 490

toSE-0.0 CR05 500
NE-l COlS 510
DO 3D NI1,NIMAX COOS 520j
SI 10 RI(NIt1l - RI(NI))/(XI CNI+11 - XI(NII) COOS 51O
IF(APS(SE--SI) .LT. 1.01-05) GO TO 30 COOS 540
XIMP 10 R11NI - REMI + SF*XEINEC - S16X1(NIIIJUSE -SI) CkOS 550
II CX IMP.C.E. XI (NI )) *AN). (XIM-P.LE.XIINI+TI I.AND). COOS 560

I CXIMP.LE.XFCNi-)iCI GO TO s o COOS 570
10 CtIT I NUF C R05 55R9

C 4* *FDR I PE t- XT I RN A. STREAM. COOS '590
SI'. C 1405 600
NI-I CR05S 610
(lID X0 NI) 1,N[-MAX C- OS f,6'O0

SI OI(NC +11 N R I-CI X ("I t 4 1 1 N I1CH,) I) C lS 630

/744



APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SkUBROUTINE CROSS (TSARPP-1) PAG) A-l17

IFIABS(SE-SI) .LT. 1.08-09) 00 TO 40 CROS 640
XIMP = (RI(NI I - REUNE) + SE*XE(NE) - SI*XI INi)(SF SI) COOS 650o

IF((XIMP.GE.XEINfE) I.AND. (XIMP.LEXF (NE+1( I.AlND, CMOS 660
1 (XIMP.LE.XI(NI))) GO TO 70 CR05 A70

40) CONTINUE CRIIS 680)
GO TO 100 CROS 6,0

C--*4Il IMPINGEMENT OCCURS. CR05 700
50 PIMP (SE*Slbo(XE(NqE)-XI(NII) + SE*RI(NI) - SI*RE(NEH/i(SC-SI) CR05 710

C CR05 720
WRITE (6,60) XIMP,RIMP C RO0S 730

60 FORMATI( 15X, 48H ***-**IMP INGEMENT OP THE I NTFRNAL STRI AM OCCURS IOMOS 740
1 21X, 47H BFORE SEPARATION O8 THE EXTERNAL STREAM***4 *t , /, CR05 750
2 16X, 27H IMPINGEMENT OCCURS AT X 8 10.6, 5X, 9H ANO R 8 F10.6 IICROS 760
GO TO 90 CR05 770

C CR05 7A0
70 RIMP =(SE*SI*IXE(NE,-X!iNIfl + SE*Ri(NI) - ST*RE(NFII/(SI-SU) CPUS 7'J)l

*C CROS fl0 0
WRITE (6,80) XIMP,RIMP C R5 ()S 4

*80 FURMATI 15X, 480 ******IMPINGEMENT OF THE EXTERNAL STREAM OCCURS /CROS MA'()
I 21X,: 47V0 BEFORE SEPARATION OF THE INlTERNAL STMEAM******,1 CR05 830
2 16X, 2711 IMPINGEMENT OCCURS AT X 8 10.6, 5X, 9H AND R - 8-10.6 /(CROS 9401

C CMOS 810
90 N5TOP--3 CR05 860

GO TO 230 CROS 870
C-****CALClLATION OF CUNSTANT-1'RESSORE BOUNDARIES IMPINCC-MFNT POINT. CROS 800

*I100 DO 120 N11I,NIMAX CO Q
*ISI =IRliNI4l) - RICNIHI(XI(NI+1) -XI(NII) CMOS 900

00 110 NFr1-,NEMAX CMOS 91.0
SF w(RF(NE+l) - REINE)I/(XFINE+1) - E(NE)) CROS q 1 0
IF(ABSISE-Sli .LI. 1.OE-05I GE' 10 110 CROS 9'xn10
XIMP = (RI(NI) - REINE) + SE*XEINE) - SI*XI (Nfl)/(SE - 511 CROS 940

IFH(XIMP.GL.XI(Nh) I.IANO. (XIMP.LE.X(NI-)( *ANO. CPUS 951)0
I (XIMP.GE.XEINEI) .AND. (XIMP.LE.XE(NE+1)) GOl TO 140 C ROS 960

110 CONTINUE CMOS 97)'

120 CONTINUE CR05 mt1'
C~*>**FOR NO IMPINGEMENT OF THE STREAMS. CRUS RYil

10WRITE- (6,13)) CR051000
10FOPHATI lAX, 41H tIMPING-MFNT DOES NOT OCCUR WITHIN THE 4 CROSIOXOf1 IRM, 44H RANGE OF- CONSTAMT-PRLSSURF RnuJNOAPY 0ATA**t / CROSIO2O

NSTOI'=2 CR0 S1030
GO TO 230 CR0S1O'.

C***4*FfOR IMPitINGEMENT OF T~iE STREAMS. CR05105,0
.11k') PIMP = (SE*SI*liXE(NE)-XI(NII( + SF',RI(NI) - SflR(NEUI/(SI-SI) CROSIO60

NIC=Nl+1 CR05S1070
NE C =NE ~ CR051080

ft> ** *INTFRPOLATII)N (OR THL F-LOW VARIABLES AT THE IMPINUF-MF NT POINT. CR051090
DU0 150 M3.4 CR051 100

MIT I (M.,NICI OPT) I M,N IC-1 I + X I lMP - X I (N IC--I I /CR051110
1 IXIINIC) - XI(NIC-11)))*(I3PTI(M,N1C) - PTIIM,HIC-1))Ck051120

1' ,) if-l PT~I:M,NEC) =BPIE(M,NEC-1) + ((XIMP - IFI(NEC-li (1 CR05 113(1
i XF it'CI - X (NEC-I) 1 (BP TE (M, NV I RP T I im. N0r-l I I CR051140

Et*.tSTRECOORDINATES OF- nit IMPINCEHLNT POINT. CROsi ISO
O PlI(i.NICI - XIMP CR051160
S PTI(2,NIC( =PIMP CR05 117)
NOTE I1,NEC)= XIMP CRoS11l)

A)TE 12,MEC) - PIMPCOSL')
C ''>"CALCIJLA3 ION OF THE0 MIXING LENGTHS. CR051200~m

:1 JMLI0'D.1 E.ROlS 1;, )
0O16>') N=2,NIC C RD S I

iI lJMVITJH ML I1+ 508PT1 I ( I 1,NI- (I IC ,- I Z ~ CMOS' 7

Tj MLI 1 CR1 IO

* 1 I j M 1.1 I J_ 1 4 1) I lI I 1 1 , N I I hI' I-I ,N - k l t CR1(k 1'., 0

7",

- --- --



A;'PEN0IX A. TWO STREAM AXISYMME]TRIC BASE PRESSIJPF PROGRAM
51980111Ir4E CROSS (1 SABPP-21 PAGE A-18

I +(IPT(2,)-0TEI2N--) )*2)CR051280
,*w*x(1TPOT IMP!INGEMENT POI NT DATA. CR0512'90

I MN! = MNMSF(BPT!(3,NIC),GAMMAI CR051300
1iHETOI - 57.295 7795*BPTII4,N!C) CROS1 310

EME MNMSFIBPTE:(3,NEC),GAMMAE) CR051320
THETUE =57.2ql67795*BPlE(4,NEC) CR051330
IH NPR1 NY.LI.0 ) GOn TO 200 CR051 340)

C CR051350
WRITE ( 6,180 ) CROS1 360

18F0 FORMA f 1111 ) CR051 -170
C CR0S1380

WR I TE (6,190 ) XIMPRIMAP.EHN1,THETDITJMLI, CR051390
IXIMP,RIMP,EMNE,THFTOETJMLE CR051400

190) FORMAT(f/,18X,42H**tAT INTERNAL STREAM IMPINGEMENT POINT**# .1/, CR051410
1 5x, 5H X P 10.6, 5X, SI-I R 8 10.6, 5X# 12H MACH NO. 8 10.6,//, CR051420
2 )X , 15011 T TA(OtEG. ) = F10.6, 5X, 17H MIXING LB-MOTH = F 10. 6,/f CR051430
3 lAX, 4740 ***Al EXTERNAL STREAM IMPINGEMENT PO I NT*** , //,I CROS1440
Ai 5)1, 5H X = F10.6, 5X, 5H0 R Flo.6, SWt 12H MACH NO. = V1.b,//, CR051450
S 5KX, 11 H THETA(I)EG,) =810.6, 5X, 17H- MIXING LENGTH P10I(.6,/f) CR05S1460

C CR051 470(
C**UvtCALC1ILAlION OP THE RECOMPRL5510N SHOCK SYSTEM. CR051480
C44txlCALCi~lATI0N OF THe SL IPLINE ANGLE. CR051490

20CALL, SLIP(OPTI(3,NICkBPTI(4,NIChGAMMAI, C010
I RPIF(3,NFC) ,RPTH4G,NEC) ,GAMMAE., CRO51510
2 1I-ITASNSTOP) CROS 1520

Cu*4**OES THE SOLUTION F-OR THEF SLIPLYNF ANGLEF EXIST. CR051530
GO TO (210 230i230) , NSTOPV CROS1540

C****CEALCULATION ORF .10- SIATIC PRESSURE RATIO ACROSS THE SHOCK SYSTEM. CR05S1 550
C- (NOTE PR!HOiK I=--PR SHOKEP11R SHOK. CRKOS 1560
C CR051570

210 DELT AX I PII(49NIC) - THETASI CAUOS 15M8
PR 5H1K r tIRSHKI ( ql I ( 3, N IC )If ,OLl AI , GAMMAI I CR0S 5140
PtI- TA S - 51.?95779)*THfETAS CR051 600
1 -NIRINT LT .) ) GO TBl 2310 CRO~Il 610)

C *t; ' 'iP1I ) SHOCK SYSIV DM ATA.* CR05S1620
C CROSI 630

WRITE (6,220) THETASiPRSHLlK CR051640
220 FHMATIISXF 480 *4*1ILIUIIE SHOCK SYSTEM AT IMPINGPMENTPON*/!C015

1 5X, 11H SLIP-ItOf ANGLE WEG.l V 10.6, CROS16SO
2 "X, 2401 STA11IC PRFSS)IRE RATIO r P1.6,,/I) CR0S1670

239 ETURN C01I-NH CRu ST I0

i-ik



APP)-NF)I A. TWO S1RFUM AXMiYMOFI NIL BASE H i'E'RiFRF
%1]NRIJ)I I NFI IM! I (1 S Ali '--? ( V 'GE A -11)

I iOTIN MI;CAMMAO;IPIEMS I R tHFIF2IW T MI IM!1 20

2 RN 1 ,It MSNPjI ,IAI[ T AN IIpFIMI,I'P',FDK, TIP! 30
3 PROF21 , TP n? I , it C(M P , III OF), IENGR Tim 1 41)

CTJHI 1"o

C T~ I IT I S SIFFORIFFIUT I N i C Ai-C I ILAT I. T H F 1I1M tN S I OIN LI 55 Fi F FEI) A N!1 rIMF (0
I ENER(GY RATIJOS F OR Tilt 1 TWO- ' REAM INI F-HAT ION I'PHIML M. TJI 70
C. TIMI No

C StkISPH IIT I N) RI- OIl FRP F S - -- Ii G R A L *LMI 90
C. TIM! 100
C **-*VARIAPLF 4 TiMI 110

C TIMI 120
C FOR FII TF[R 51 REA/M I OR 2 TJI 130
C TjI 1'')

C G AtMA -RAlIF) III '; CII F IHEAT'. TIM! 1.0

c, GC = GAS CIINSTANI--- (FL Bt:- I-fT/1-1Dm-R I T JNM] 16F0

C ErMS = MACH STAR AT IMPNCLNGMI-' POINT. 11dM!1 170

F, THE-TA = FLOW ANGLE AT IMP ING1MF- 'T POINT FIN RADI ANS). TJMI 180
c TRPHOT B A SE TO - FF -- ST7RFIAN $ 1 A .,-nAT I (N TE-MPFRAl UHF RATIO. TIM!I 190
C. I IJML 11'RICT INi 1FT MIXING LEINGTH. TjI 200

CTiMI 210
C RN1. Mid ?LFI (<XlI RADIFFS F)F- STHi- AM I F INTERNAL F * TIM! 220

c VFM!'N 1 - NO??_ LE XIT MACH I AR (F1 SfVHF- AM 1. TiM!1 230

'F1: T ANI N1 NI1 IL . F XIT F-1,F0W AN GLE- AT RNI ( INH RAD!IANS) . Ti F 1 240
C RIM-' RADIAL CFIKIFRTNAT- OIF IPFPINGFWF: NT POINT. TJI ""0

P R5HIFIK STAT IC P13) SSIFRL FRAT 101 FR I SF IF- 1:ALIHO1l- ;HFF(K '.1511 N. 1dM! 20
TI '70

C PRO2 I STAGNATIFFN P1RF-SSIJRI RATFIO, I'IfUFI I ?Ho

C TF&U21 RAT I F (I1- SIVAGNATIHUN FMPF-RA FIS FIF filF- TNFI ST!-FAMS. *m TI! 'F

c RFVClIMb' RI CIMPRFSSIFIN GlIb I IC IF-NI TjI 3OO

C BLDR -MASS FLFFI) RATIOF HiFfF)RNC-U III F-OW OF' STRE-AM 1, TI 3120

*C FG, BLlI/IMG NOU7LFiI. TJI 330
*C ENGR -1, FERGY FLEE!) RA41I11, FFTMlGAFII/I F NIF//EF-I)*ClITIl I, TIM! 340

C WHERE HFMGAB IS R-FE RI NOFI TI] T-D. F IM1 35',0

C I imI 360
C IM!t. A701

CFTM11SFIEN,GAMMAF F(GAMMA- I. 0F/6AMMA+ I.I0A1 FM't* ?I 1dM! ITNO

FMNM'FV MN,A MMA) SOI (F(IF'.0* F-HSA 2F11IF(, ANMA41.0FF T111M!1 390

F 1 .0-F (fGAMNA - I .F0 FGAMMA+4-1 .D F 1*I IMt. F I TJI 4Q0
FE 'F3TF- PR,GAMAFS ,QR1 FFFGAWMA+I.0F/FGAMMA-1.lI* TIM) r I1 o

FI.0- PF<k*FFGA MM A--Il. 0FAMM A)FIF TIM) 4?F)
MVflLMC IMS ,F;AMMAF -SFJRT (2.0"GANA/F0ANMA 1.0) 1 TI 430l

1 CFMS/ Iin- I AMMA- 1.F] /FG AMMA+l .OF1 1tIM QIFII TINI 440
IRM\F(l-M, 6AMMA) 1I.0- I GAMMAA-I1.0 1/(l'lMMA+ 1 .0 )4I 1 *1 14 IMI 4'0

1 ,AMMA/IGAWMA-1.011ITi IM 460

S IM.A- ( F-MN! F 12 .1 0 # P4 , E1 :LMN I TJI '.10
PHFIFWIF FCMRZ, I RIlI E.CNR*F(U. %OC NR4F 1 .0F- I RIl+IF t M 1411[)

1 SORT I (INR*4 I)F D*"k 1.0- TU1l]') I I 2 F * IRI1IIF 1 I M!lZ 490

4 * tCAI.ClFFLAT ION Fl 01I ' CRIMI NAT INC STRE-AML INF Vf-IFFO:I TY R(AI 10f'; TINI 001]

S TA'FfI [IN IFF PUL'FFMF'RlrSVIN (Ilb-F4-F-IZf-NT. ' I N(. IilF'I.II ''AlI I( FI '1]
Atol'.', TI Il IIFU 101FFi %HCF SY'. I F-N IS % Il L f OFR '.1I2AMW, I Al-IF) I TI1-M I ')]?

IIli IjI SC.V IMINAT!IN, %TRF Al-t IN- S;i AGNAI ION PR!"IR RAT!-, F''''iF, TI'1F "10
I IS At FT0 14F Si, AMt- F JR I 1.)

F'* ('- IF T i-AM I. IN IIll

II CUFF0]1 - CRH2mSFF W0,'141' t'FMAI YGAMMAI I I jMI if
' Il '11 C.R/NSi (I1; , MMAI) .MI 119
I Wkp F C SQOI I Fi I11 t,10I

I NH! ( 'dRTI C l F IP' /C, 00 I 1FM A m 'I

--! I -ND I P EF10 J N F IRI F R-' IH IW
tI F I I f-IA] '' !, ') TItiFIF 'FI 1 , 1II' il I 11 I ;(I AVF] I f, I

V'

"I



APP] NIX A. 7m) STI]AM AX! SYMMFII I PA t PRI-S'iR RGA
MllPMlIlTIN) 1,jM I x I SARPP-?) P AGEF A-20

( 4t* FOR SiRI- 4 2. TJMI 640

175002 = GR?MSP(L0S,GAMMA?) liiA 6h0
C?-SORi ( CM)'?I lJMI 670
CNR? SORT I 1702117) lJM1 680
PHIiD) zIll IMJ) CNR? TIlil) TiM! 690
CALL IFGRAL( PHI W,C02,TR2,F1 1J2,.1 1)20-IIJ2,6-10?I Timl 700

(7** **I1 ALiIAT N Mi ~ I D AN)) I NERCY HAl III-. TiM V.1710

SI)GMA)1 5 SliMAF I [£MNM5I -I:MSI ,GAMMA1 I I Jm 720
FSI G MA ?: SI(MAf-( [MNNM',[-I FM ? ,G(A4mA2 I)TiM] 730
111ZiIM PIRMI- ( M I, GAMiMA I I/PiZ]MSF ( MS-,I IAMM A 1 1 ij 1740

IffI 1. )<115 (BE TANI) )1]Cb i/10h klIMP./NI *I TjML1/HN1 )*(PRHNI)4TJMI 7 50
1 SCHI (I? .) GAMMA I/iGAMMAI1-1 .0)) 1 .0/WT P LMS ( FMfSN1,It-AMMk1f 7 .iM]1 760
CiF t 2( TiP2L ?/1II.Ll).(LIGMA I /S IGMA2 )ItSORT II1.0/TR(lli* I M!1 77 0

GAi~MMA?/ GAMMAl) IFC/GC? ) * (I AMMA1 -1.0O)/ ( GAMMA2 -I.)) TJPI 780O
C OFF I (;Ma 1/ S IGMA?)* IT JML 2/ TJML I *SOR T (C.CP2/rClI) 1TIH0C21I I TJMI 790

( I(- AMMFA,'/ G AMMANI)* ( (GAMM AI- 1.0 )/ ( GAM M A 2-1 .0 1)I*I .5 1 TJMI 800
IU IQ = -C FP)P iC) (Fl) 41.111 - IIJI) +4u C0rFF2 1 r?* ( E I10f2-- F I 1.2)1 TiM! 810
F NGR -C M [i I h (13fv- I rlf1 *FII1J I + CCF : -3'LC,? 1 T j VI f42?0

3 Il-T R Ifi? F IIJ 2l TiM J PAlOH1

H (TIuRN TiM) 840

F NIl TIMj w, n



A PP FND I X A. TWIT( S PF A M A X ISYl,'Mf- lk IC F 0 1 P45 FR Sl'RF4 1 n_ l1f , A M
rSIIFR01h I NF-o )IT2PMi I 1 SAliL'I' PACF A-.?1

PRERMIHR1INM%1Mi1TNNiPRI RI M? 1

CR PRIT ST: AA Hi ORSSIIE RAT , PIlE Y, t t ~ /P11O n 0T ? 1,1n

C 1J MII) BASR II T H RAT ICLRE AT lIT 113/1( ISI I ANT 01P.~) DAT . 2 120

C T AR =S GAT A l3T[O ~lu)FRTO TRl / Ei S (TM? 6 0(

C P'RIII = INTERNAL SIAGTFRAT IN (I) EXT STTI /RE 55 IFAIPll/P-* N?12 '0(
C PR HI = BROU PkST IC PMFSTRFBIII, P 1 PI1 /0 T TM' I)'(I
c PROR , S-N 1 AGNA ]O SIIRPSIT N 1A J), 111 FR1- FlH I. IT T13 *Y 1 (?1
C NR 11 t RS F SIJORATRT I NE III /TI n~lE.DM? I Io

C CPM I BlAEAI PRSUEMPCRIIEEFE.- C I, H-/71 TM2 1 30

c COIN n BSE .fIRM IIT FNL *1 *J DITM? 1 70

C. BL OIR0, F NGRO = S01 C I F) ER1 VA LIE S OFV fitB I-F LI 10 AND E NERGY B AT I OS ( I 1? 1, p-(

C 01WT M210
C OTM? 2 10

I F I NPR INT .L T .) 01 TI 1) 103 OT? M?'
C Il? 2"0

NB I yI I MTi I PRI I F, 1 ROE I , 'R11 1, PROTIT- , RLITROl t N(GMD (IT Ir P>o

109) FOIRMAT 19X, 41TH *****1 OBMIIIFNE JET- M I XI NlVP OIILT , 1 T 260
P11 39 X, 190 **CIIRRI-NT IIAIA2.3* , //, (TIM? 2711

2 14X., I1IW P11/ I /PB[ 17XK, lIH T11
4
/T(1 - III M2~%// 1W W' r

-3 14K, IM HPPLII 1R5 17X, I li 111ll/PF FH. 3 ,/ TIM? 2 JII
4 14X, 9VM BLIORO =EF1.5, 1iRK, 1H I-NGRI = i PTN,/ DM? 3100

c UTM? 310
WR.IT 1 13,)1 LIPRFNGR OTM? 320

IIF O PIM A, TI-JX, fM ***MIKING I)ATAt.**,//, Ri M? 330
1 14X, 10 114GLOB -- .5 16X, RI' ENGR- I 2O/I1TM? 340

r OTM? 'A',f()

W RITE 1-6, 11)2) TfiMIT , 1 RNI[II,'I4 BI I I,,Cl kjI'CC DIM? 160
19 -IT I 1BXI4%II *4**BASF P11E5511R1 ANDI, I "P I'R Al1IRI RI Sl [I / filM-? 370

1 (J14XA, Ill TB/Tot[ Ff.5, 113KI 1111 1 11/TO1 I I- t, //0(TM? Al
/1 14XK, TO) I'Sp/Pt FM.S,: IPK, T()l R/P I I FF.R //nTM? 3'41

3 14K, 101-4 COI-I I-BH., IPAX, 10H CIT-B - HM . , //TDM? 1100
4 X11, 40 H *t-3I NI' M1 CHiRRINT CASE RW-:.IL1S*l'---:** /, IIM? t410(

111 RBtTURN 0T1M,' 4/,.1
If FN0r"; '10



APPENDIX A. TOl STRIAM AXTSYMMF TRIL IASE t'RESSIIRE PROGRAM
SUPROUTINE IlUR (TSARPP-.2I PAGE A-??

SUJRR(INF ITURF (X,K R-ROkX,SIGN,Y,YG-IVEN.l RRIlPY,NJ T,NTYPt, HE R 10

C~x **Sl'ARIHlT INI PERFOIRMS AN I1I F-RAT ION TO F 1041) X SUCH THAT TilE AbSOUI I IT[ k 4fl
c VALIIF O(F I V-V IV VN)F IS CE SS, I HAN OFR EQiUAL TOI F kORY Ilk TilL ITER L~0

A AhSOIllTF VALuE MI FI 1+ I-S I) 15 Lf--SS T HAN ORP F OIIAL TO F RNINX. I it-R 60
I IR 70)

C **4VARIARLES' I TER P0
C ITf R 90
C K INIF-PENONII VARTJAL- IT[IR 100
c. 0X = I NC REMFNTII N I NOEP-111NDOfNT V1AR I ALE FU TR 110)
C I- RROR X = MA X IMUM V A LUE l ARSI (X (I + 11 -X II ) FUOR SIIUITION. I T FR I n
C SIGN =+..0 D R -I. 0, I1IF I N IS I NC REMEN T ING F RO1M K I NITI AL. FU 13RI A0
c V = Ol-PENDENT VAR]IABLE. ITIEMR 14D
C VG I V-N = GIVEN VALUE F m D-PENIFEOT VARIABLE-. ITEM 150
C EiRRR = MAXIMOM VALUOE OF ABAFlV-Y(GIVFN). ITER 160
C N IT I NGRE-Mt-NT NHIFROER. HEFR 170
C NTYF'F = 1, INCREMENT. ITIER 180
Ft - 2, INTERPOLATION. ITTER 190
C 3 3, S nL IlI (N. ITER 200
C TIER 210

F)Yr-YGI VFN I TENR 2;20
1 IFADBS 1)I I)V-FR RORVY) qo q o 10 HITE R 230

10 1 I 10') 70,190,30AoI FR 74Q
-20 NSGN2U-1 HER ?',0

XNLG=xI lER 2 60C
VN[ G<V T 1F?-If)
Go it)1140 HERA 20"

30 NSIG-N2=41 HEIR 27W,"
X POS,= X IEt-R 3(1
VP OS 'a ITER 310

40 GO11 TO 001O, NTYPI I1F 3?O
',) I FO IIl-I 1170 ,70 ,60 TIE R 3310

60U OSIGCN=N S IGN IWNSFI GN2 1110 340
IF- INSTI GN) 1f) ,RF0, 7) ITEM 350o

70 NS IGNI =NS I GN? IF lEO 3
OITNIT4 1 MTR 370

C***4*I NCRIMF NI TO I I NI) 5 OL11 FIM INI(I-V/IL. ITE TI-jO' f
X=X4 -IGN4-OX TER 3A90
GO T 10 io ITUR 400

C ~I NT i RI'IOI Alf IOIN I Ok 5111111 004. IT FR 410
110 NIVf:-7 Ill- R 420

14I -N NT* 1 1TE-R 430
XSAVI :: XT1FR 440)
RAT 10--:1 XPiS('--XNF G;) /1I YPI-V, 1 FILMk 4'0
X(XNII(,4MA ID4I YF,IVI-N-VNLOI, I1I1Ik 4601

C 4*tt*ACClJ I-RkAll IN (ll C-ONVE RI;I-NCi (if llRAl 111k-R1I- WI-A IF IN, Nil S. I II k 4701
A I .) /R A I II I Il-R 4fPi
F Fm A-F1 .11 , N"1i, N? I-k 4Qnf

Ai2 0 A/ A(A- I.1TE 50
XWG;IN r - )'SAVI + Fl .0-OF X 171k )If0
1FF XFFI C-XwI;5l1 I) NAl,H1-00 I1I1k '70

H14 I I XWG'1-lN-Ii~ 1111 1 Ht , I, HA IT I 1 1 ) 30
86t K =X1(,', F N Ill-k '40
(mII I ( AIm', I X-X',AVI 1 - I~k ~LIIX10 40l,)l) IllIL 550)"

10 NI0111l ITER '100 (
100 RI141kM IEN '1 0

1NlII NO 5h-1



AP') i' A. 1di X~ A

TlIrll'I N NF f, .I M,

I A-

reS

C *t~g~lj~plit~u~A.-,

N. I' IT IAL I 51k A- -A,- )IA, AT 'aI".I A-S
( \IA I iip I I CfC njI Il rS f I RIT L NT INl -A I TAIL. -lT. 2W1'

ACk A'lI- I IN I IA L KI'A ITA I L AN(.- AT iI AT IIN I P A TS ''
C $flI A T ISV ANiI I N k Afl .ANt .- A PTS 'I

C , )1,NRLBTZ = INAl 'P'I N I1IM AHA TT7A IL. A PT S >

C NSH-API- = Sr F StII)H1IIT (NJ I 'CNSI'. AE TS :1 f
NPI I NT =I 1l (R1, M.Ri.P. FIATA NrIT PIJ INTL-I). A l-CrS 'PI

o I ,. . I.0. DATIA PR k P5I11I. A8145 2"0 C
o N(IC P T S = NIIMfiFR (II 1-UIARl PHilNT S CALCIIL AlED ClN CRAW * 114(l[l(,'l (2) Alti I-S 4(1O
C NF RR OR = S t- ,IIRRjti Ifrdl 'tM ITL-Fl*. Al-IS1 311

C ***OLITI'IT DAT A (IIN ORM<1)*** Al-iS 330)
C AlliS 340
£ INPUT DATA TO ARTS ARTS 35 0
C X = L ONGI TU D INA L C (111RD INAIfI DL- RIIONIARY POINT. APIS 360
o RH RAIAL C001<01NA1T IIl- RIIIN[IAi4 V (INT * ARTS 370
C IHLTA LOCAL FLOW ANGLE AT RBOUNDARtY PO!NT ( IN III GR) fSI ARTS 3(10
C ARTS 3190
o NOTE - THE I I-CHAR. HATA THRIOUGHI IXIT2,RBT2I IS TI<AIN'.'I TLL) TOl APlS 400)
C. Till PAST ER PI(IlGAL4 THROUIGHI *CIIMMITN* IN PIEI A49 Av CIIAkf ART S 4 10

ARBYIS 4-30
PR MS F ( f M ,AMMA I I 1.-OmIGAMMA- 1.O0)/LUAMMA4I .D0 17FMSC4 * ART IS 44,0

LUAMMA/(GA MMA- 1. 0 1) AliTS 41)0
lMNMS1IIFMS,9GAMMA rSORT ( ( 2.OVI(LEMS**21/I GAHMA+1.0 )I/ ARTS 460
1 DI(1N O M 0 .0o- tIGAMMA-1.DL/liAMMA+1.0llsLFMS**2L ARftS 470

I1MNII P8811(3C .I ,I I CHARI 15,30) CHAREI '1 VMP 1%) 1'? (SI AllIS 4810
P3(), 11051ARTS 1.90

0111*108 PM , CHARTICHARL-P,PY.0P' 3 ARTS So0
CALL 111 0051 x XI , RHTI.,ANGITIT, XHTP2,l(IT, NHAPEI ,C 17 (?vC33 APi s 510

[C'*" I NI'IT (TA T A, SfIME IIITI'll IIATA , AND CO)LUMN HEADINGS5 AR L PR) I T LD. AllIS 520
CALL HO-- hl 1 1(l;Af4MA ,f MSI, XIIT IRTLoANCLT I, XR12?, RI[,T?N!HAV'F , ARTS 'flU

IC I,C2,03',,NPRINi ) ABTS 5-40

(**5f INITIAL VALIS. ARTS 1.)1JO(
N41,1110:) 3 ARTS ',60
NI IC,'P I S ARTS 't,70
Plq II 11 Mt Al It Tj %AM I ATS59
PP MI111 -3MISF IM151,GAMMAI ARTS 590

1'.t?]MB-k (Itl pi 101' CALCiIIATI-(l0 Til IM I 1 III1A kACfI IIT IC I IR I I ATII NC. A 1TS ' ,I ')-
Alf I X i I t T . 12) 15 SI C 11- 11I 1 t11 * L IMI If MAY. = 30).* A IS ,,, I

Aflt I ( )



APOf1NOt% X A. 10(I 51 RIAM AX ISYMMtI) C lU ASf- 011-51 (11 0A
A01<1(10 II APTS P 5002 All A-?4,0

( *4-11 (Nji-1(i1M 110w. AllIS 6 b0
0 MS.-j IMS ABlI% 660

lil ,) .) * ItI 11 AP S W-7 0

(-, l nI ) APT1I'S 9~0
j I 0 t to** lt, I I N I I AL. VAI %ll-S Al ( X'.1 4l 1 1 I T 101 1 -l- l('MNt ARRAY. Alt I 700

14MM19 11)- R1 1AMlS 7101
('I, MI121~R Alkll, 721)
PH") (1 311 -f Ml; AiwIS 710
l'mB 4I'. 1 1- *' .) AlTlA; 740
1I i A' it A NWI I I I - .(IV- 1 4 1, 40 , 1)) Ali S 7 M0C
It~4l' IA T IA I , IM 71114 IN I IAL V1'l<N ING ANCll. AlItT, MO(
K~ ) Alki 7 311)

Aml TO1 1') Al I 7141 C.
-- o'5I4 AN AITI 4MI)Y MIIH lIll 1)4. TORN1'INI; Mi,, AtllS 79

(I a 00 , A 9A)AL I B 1- 1A 7 Ni C AT (VI I. Al I It10
"2 I All . IS120l* AOIAV I I.1.I A IS P42

C,( 0 I Ti 't Al-I TS 1430
I *'-ApPWImATI ANAIl, 1(1< A fl-ANI IB11-A?! POIIIIYI). A11 II 40 I

l 1K All1 I 6

II A- AN(I 11/0 K A lSrI V7)
1*Of ** Ll7AiINIl All4, ARRIAY IIAI A(1 I U 111015I L- I, K+1 AND) 0.1I. API S HIHl

Oil 60 1" I ~K Ali S ((00
&'M 14 1 (1 'MIAI L, I, I I l't) S 0

('MAIL 4 14, I I PHMl L. .4 11 4 (IIA A [19I S'970

' 1)0PO 'I I + ,1,,1 ) l MSPM I Pfl'tI'1 3,1, P'Mill 1,4, 1 Itl'4HL-1 ,4. I ) FOAMMoA A01', 930
-- ,1 l1TI( NI'MR R 1%l r AMIL Y I(I CHAR. I1(1< SUIVIII 1-flI lX(bN "IDN, Avl'TS P40T

70 K1rV4) AflIS 110
f1*ll IN)ITIAL, lIMUII(A1Y POIlNT 'AlA IS PR (NT)ID. Awl IS '16h0(

fill It() M= 1,4 A Llt) S '14I0
((0 PIl MlP ~lM N I i M1,14 I lI sy 98H0

CAU. 11(1lIT ?( .AMMI,,IlM',l 0l MNI PR101 I1,l,N1 -i ,1.ll,9'PW I NiqC1 AlIiS '-, ) (
IK I I'* f 1 1) 1W I 1l- LI)I C A L C )L A I IIN S A R [ NOUW M1)01 AL I )N C. I A M I L Y I Al II 10(0
C CI iA RAC I IRIl I ; ( s5 ',IAki INLU I 1<111 1I 1f1i 1 l'OII IINI!, IN 1)11i 1 J0 1 IVIIIW AIII',1010I

I. NI hAL I !'Ml-Y Il- (Il If4 - ((('.1 ANH SWIMS, 001 N1 AX4 1', POI'll15 A(AT1I1i20
P'2 NI rN 4 1 Atil 1.1030
-lT 'CAI00tl.Al1ION Ml TM 1 1 1AL. 1- C, HARAI I RI % IL ('Al A I'M N t1 At,'1,11040)
t, '"LOA('01< C RRNT I I -CIA AA( IIt R IS IC S(AI A IM ANI LiN-T I'l 'i ARR AY. AMl 1, 1 (50

('MI(I), ., 921 ('iMO TI I 1 4 OR1 60l .10 l')

I1 ( iI I !M 1! 1 8

IMI [I '.) , Mi 10 I Al' I'li O.0

IGAMI I YIt 0 l(1 I! 1 0 ' 1 (,H .( Afl A, I. I III

9( 11 110 - B 1 A 7 10. ! %lT 1910

"(1' T(9(1 All A' IL TI 11 1.)! IT 1 230

PAl' I I ,,I''. IM10 ('11? P.0 I ('1I I 611574

(0 M fi M. IA IA Q A 1 I , it. I T1 I' I) IT'.I I24M)

1111 '())' ((1 N-l IA L. : I~- K~y A111 I ICIIAI)II.



APP'IN)1IX A. TW( STIR: AM AXI SYMMF Y IC IBASM PRI S'IIRI 'R((RAM

S[JliRIJIIT I NI A[-A TS I) I AFR I'lP- 2 ) PAl A-?'

I III H (14),14),12()1, NIIl ] AlIS12810

%. 1ORVSIIRI 83OIAT1AIL II-C AIRACTL-RISI IC H ArA. AI,I -,1?'O1)
12D N)C(PTS N(ICi J 1 - AT 1 300

[D(. 130 t1,', A I 51 310

13') CHAR I f ', NIIC "S I = l 3 ( M I AhI SI 320 n
f7,t-x* *ClARACTf-RI1SICS 1)AlA SIII[1. A-.T ,, 1lC'1)

CALL MCrIATA(I ,LI,L?,L3,K41 I AllIF, 113 (1i

II (NIC, PTS--I. 1rM 1TI p2,pOU,2o0 AfITS) 1S0

('(. ." LIAI [AlA/ RlOIIINIARY POI1NT CALCJLATIO[N/ SIIRI DATA. Ali 51 1h0

140 CALL MCIATA(1,K+I,K+I,L3KPI ) AlIl .1370

CALL RT!'PS ( I.AM'iA, P I , P2P P3 t NSHAP, C I , C?, CIN NN RRIR AB 1f 3110

If- (NI RR(IR ) 2') , 14,, 144 A I I) 140

C' It **CIININLIF BOATTAIL CALCIILAII(IN, [TI-RAl FIR I--CIIAkACIERISTIC Ahli.1400

C. THilIGH TIIF IiATAIL -ND P'[OINT fIX- ?,RIi;'), lIP ClCIILAit Till AI1SI 41(

C II-CIIRATI R iIc IHIkGC[NAI[ING Al I ll= P'(1I XlTi 1 T2(. AlItSL/20

C A 1 1 430

144 CALL ITITIINIXFIlI X12,l'3,CIII),N0il(,NtI-014i(, ASTS1,n',0

IF (NI RRII R) 2)0,F1t4 ,1)46 A I 51,',0
146 GIl Ti 1 17f)'l, 1)), N 11l AIIIS1 1460

C4***LIA) fI RSf BIATIAIL II-CtIAIACTf. RISIIC PIINI. At'lS147I0
1"0 fill 10 M'- 4 AlITSI 411(

160 LIIARL I M, 1)=13(M( 1iII SI4'JI(
170] CALL MICDAIA( ;,LI,L2,K2,K'IS) Aill s[ 'r)

C '' *iI CIRRI NI IHIlIINDIARY 'IN( IIATi% IS NOW PRINTLDI. AHI SI ,11

CALL (Ti1l IT?( , AM A , tI MI , t MN I, PR 111 , P3, N I , NGITII, Ni' I NI C1)I Al' I ', 1 ,,'
C, +4 CIIARACtIRIS'TIC$ IDAIA SI-.I Ali SI, 53

CALL. MCOA I A( 3, L I L2, . , K I AI I SI ',.40
( ,*+*+AIlVANC INII X [IR NI XT IN'LIT PtOINT (IN INITIAL .IIAAC IIRI[STIC. A 8 1 'i,(0

K=K+1 A l) h 0

CIl ill 82 AliT, l L10

I N D A l'I 1 0 ' , '

ls



APPCNDIX A. TWO STREAM AXISYMMETR[C BASE PRESSURE PROGRAM
SUBOUTINE BTCNST (TSABPP-2) PAGE A-26

SUBROUTINE BTCNST(XBTI ,RBTI,ANGBTIXBT2,RBT2,NSHAPE,C1,CZ,C3) BTCN 10

C BTCN 20
C ***VARIABLES*** BTCN 30
C BTCN 40
C XBTI -INITIAL LONGITUDIN4iL BOATTAIL COORDINATE. BrCN 50
C RI3T1 - INITIAL RADIAL BOATTAIL COORDINATE. BTCN 60
C ANGBTI = INITIAL BOATTAIL TURNING ANGLE, RADIANS, CCW(+I). BTCN 70
c XBT2 - TERMINAL LONGITUDINAL BOAITAIL COORDINATE. BTCN 80
C RBT2 -TERMINAL RADIAL B0ATTAIL CORoINATE. F31CN 90
C NSHAPE -1, OGIVE BOATTAIL. RC 0
C = 21 PARABOLIC BOATTAIL. BTCN 110
C 39 CONICAL BOAITAIL. BTCN 120f
C Cl9C2tC3 - COEFFICIElJTS IN THE BOATTAIL PROFILE EQUATIONS. BTCN 130

C BTCN 140
C BTCN 1'50

SLOPEl= TAN IANGBTI) BTCN 160
GO TO (109200019 NSHAPE BTCN 170

C*****OGIVE BOATT41L (NSHAPE-1). PjTCN 180
10 C1(.1( (XBT2-XBT1I**2-2.0*SLOPEI*RBTI*(XBT2-X6T11+RBT2**F2 BTCN 190

1 -RBTI**2) / (RBT2-RI3TI-1.O*SLOPEI*(XBTZ-XBTI) 1 0CM 200
C2= XBTI + SLnPEI*(RBT1-Cl) 5TCN 210
03= (XBII-C2)**2 + (R1311-CII**2 BTCN 220
GO TO 40 BTCN 230

.1C****PARABDLIC BOATTAIL (NSHAPE=2). BTCN 240
20 Cl=( RBT2-RBT1--SLOPEI*(XBT2-XBTI) RT 8CM 250

I XBTI**P+XBT2**Z -2.0*XBTl*XBT2 R TCN 260
C2-SLDPFI -2.o*C1*XBT1 KTCN 270
C3-RBTI - IC?*XBTI + C1*(XBTI*42) 1BTCN 280
GO TO 40 RTCH 290

C****vA(0ONICAL BOATTAIL (NSHAPE=3). B81CM 300
30 C1wRBTl STCN 310

C2-SLOPF 1 BTCN 320
C3.xbl1 BTCN-330

40 RETURN F3TCN 360

END BTCN 370



APPENDIX A. TWO STREAM AXISYMtAETRIC BASF PRFSSIIRS PROGRAM
SIIRROUTINE DIJIBTi (TSAr1PP-21 PAGE A-27

SIJRROTINE LTBT 1(GAMMA, EMS1 , X8TIRl3T1,9ANGBT1.- rUT, RT2NS,bPE., 0811 10
I C1,C2,C3,NPRINT) OB081 20

C OBTi 30
Ct '*THIS SUBROUTINE PRINTS INPUT DATA, SUME OUTPUT DATA, AND 081 1 40
C HEADINGS F-OR THE BUATTAIL CALCULATIONS. 0811 50
C 0811 60

PRMSF(EMS,GAMMA( 1.- (GAMMA -1.OI/GAMMA +1I.O0 )FMASX*2( 001 70
I (GA(MMA/I(GAMMA-1.0)) 0811 80
EMNMSF(EMS,GAMMAI=SORT I((2.0*(EMS~x'2I)/(GAMmA+.,0))/ 0811 90

I(1.0-(FlAMMA-1.O)/GAmM.A.-1.0)),EmS**2)) I 081 100
IF(NPRINT I 10, 10,100 0811 110

100 FMNI=EMNMSF(EMS1,GAMMA) OBTI 120
PR101=PRMSF( EMS1,GAMMA) OBTI. 130
BETAD' 57. 2958*ANG8T1 OBTI 140

C OBTI 150
200 WRITE (6,1) GAMM&,LMNI,PR1UI' OllI 160

I FORWATC1H1,///,21X,23H AXISYMMEIRIC BOAlETAIL I, 001 170
I 15X,30H WITH U)NIFORM SUPERSONIC PRLDW iORTi 1FC
2 21X,20H *'"t INPUT DATA * IOBTI 190
3 ?X,9H GAMMA - F5.3,3X,12H MACH NG. = r;0..3,3Y, RH tOPO P 6.4//I 0811 200

c 0811 210
530 GO TO (2,4,6), NSHAPE 0811 220

C 0811 230
2 WRITE (6,3) 0811 240
3 FORMAT (I H,19X927H * OIGIVE ROATTAIL PROFILE *)OBTI 250

GO TO 8 0811 260
C 0811 270

4 WRITE (6,5) OBTI 280
5 FORMATIH ,19Xt32H * PARABOLIC BOATTAIL PROFILE * I 081 290

GO TO 8 OBTi 300
C 0011 310

6 WRITE (6,7) nBT11 320
7 FORMAT(iN t19Xt30H * CONICAL BOATTAIL PROFILE * IOHTl 330

C 0811 340
8 WRITE (6.9) XBT1,RBTI,BETAO,XI112,R812',C1,C2,C3 0(111 350
9 FORMAT11H ,//,7X, 8N 1(811 = F6.3,3), 8N RBTI - 6.3, OBTI 360

1 4X,ION ANGBTI = FB.3//,IXRH XBT2 - F6.3,t3X9PN RBT2 -P6.3//, OBTI 370
2 7X,SN Cl =FY.3,2X,SN C2 = PT.3,3X,1DH C3 = 57.3/1/, OBTI 380
3 20X,37H BOATTAIL SURFACE OUTPUT DATA *** / OBTL. 390
4 12X,1HXP14X.1HR,IOX,RHMACH NO.,9X,4NP/P1,qX,QNCU(LOCAL) OBT001 400

C UBTI 410
10 RETURN OBTI 420

END OBTI 430

85 1



APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAMISUBOUTJINE HTFIPS ITSAAPP-?I PAGE A-28

SUBROUTINE BTBPS(GAMMAPl ,P2,P3,NSHAPEC1,C?,C3,NFRPRI RTBP 10
C BTBP 20
C B 0 A T T A I L B 0 U N D A k Y P 0 1 N T FITBP 30
C. S U BROU T I NE ( B T P SI. RTP 40
C BTBP 50
C*t**THIS SUBROUTINE CALCI-LATES A POINT PI (IN THE RnATTAIL WALL RTBP 60
C GIVEN TH-E PROPERTIES OF A POIN"T P1 IN THE F:LJI FIFLO). i6TBP 70
C BTRP 80
C *t'~VARIABLES** RTBP 90
C ATEP 100

C GAMMA rRATIO OF SPECIFIC HATS. RTRP 1.10
C P I (JI ftJ-TH D LUW VARIABLE AT THE~ POINT I WHFRF 1-1,2jOR 3. BTSP 120
C P1(J) ftND P21j1,J-1,5 -FLOW VAPIABI.ES AT KNOWN POINTS 1 AND 2. BTBP 130
C P3iJI,J=lt,9 FLOW VARIABLES AT THE UNKNOWN POINT 3. BTBP 140
C THE J SUBSCRIPT INDICATES THE FOLLOWING VARIABLES--- BiTBP I0O
C J-1 CORRESPONDS TO X. FTBP 160
C .j=2 CORRESPONDS TO R. 4THP 170
C J=3 CORRIFSPONnS TO MACH STAR (EMS). RTp 180
C J=4 CORRESPONDS TO THETA IN RADIANS (THET'. BTBP 190

C. N"HAPE SEE RELOW. BTBP 200
C ClC29C3 CONSTANTS IN THE BOATTAI;- PROFILE F00ATiDNS. KBP 210

IC NERROR =A COINTROL VARIABLE FOR CHECKING THE PnSSTBILIIY THAT RTBP 220
C THE CURRENT CHARACTE.ISTIC MISSES i-IF BnATTAIL AND AN KTBP 230
C ITERATION IS REO1IRF0. BT8P 240
C NERRnR =-I ... ERROR IN C.ALCULATION. BIBIP 2 ll
C NEIRROR n-- NO ITERATION RE0UIRED. RTBP 260
C NERRnR 1 ... AN ITERATION, IS RFVUIRFO. NkTBP 270
C RTRP 2F0
C RTeP 290
C POINTS I AND 3 API: ASSUJMED CONNECTFO BY F-AMILY I WHERE BTBP 300
C POINT 3 IS ON THE WALL. STBP 310
C. .TBP 320

C THE: BOATTAIL PROFILE IS SPECIFIED) BY EQUATIONS OF- THE Rnm--- BTBP 330
C ATBP 340
C 1. IF NSHAPE=1 OGIVb RTBP 150t
C R= Cl +SORT( C3 - IX-C2)**2 F RP 0

.1C RTBP 370
C 2. IF NSHAPE=2 PARABOLIC BTRP 380
C R* C3 + C24X + C1*(X*12) RTSP 390
C BIBP 400
C 1. IF NSHAPE=3 CONICAL BEP 410
C t&- CI C2*(X-C3) BTBP 420
C iTBP 430
C WHERE C1.,C2,AND C3 HAVE BEEN CALCULATED FROM THF INPUT DATA BTBP 440

C IN SUBROUTINE *BICNSI*. BTBP 4.50

C BTBP 470
ALPHAE (EMSTAR9GAMMAI=ATAN (SQkT((l.O - ((GAMMA-1.0)/(GA.IMA+j.0(( PTBP 480

I *(M' TR4*))/EMSTA**21.0)I 0BP 49C
AVGF(lA,A) =(A + R)12.0 RTbP 500
PCLEFFIFI'.-STAR,ALPHA)=EMSTAR*TAN (ALPHA) 8TBP 510

4 COE FP 1NPO 1NTv AD I IS. EMSTAR, THET A, AIPHA) (E MST AR IR ADIUS)4 FTBP 520
I (TAN (ALPHA)V*2)*TAN ITHFTA))/(IAN iTHETA) t (f-lnO)**NPOINT)* BTBP 530
2 TAN (ALPHA)) BTBP 5(4D

HOCOEF (RADIUS, EMSTAR, THETA, ALPHA I=(( EMSTAR /RA)ISI *TAN (ALPHA)* RTRP 550
1 SIN (ALPHA)*SIN (THETA)) BT5P 5Sho

C****L POINT IN OCOE.FFHI IND)ICATES THL- KNOWN POINT BEING USED-i OR 2.BTBP 570
DIMENSION P1(51, P2(5), P3(',I ATBP 580

Cv****wERROR FLA',- SET. RTBP 590
NERROR =' RTBP 600
NCOUNI =0 BTBP 610
NCTMAX='15 %TBP 620
F04SMAX 1S0DRT C (GAMMA+I.O)/IGAMMA-I.0I) IT 3
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SkuRROUTINF PfRPS ITSkBPP-2) PAGE A-29

C*%'*KNOWN INPUT DATA FROM PO'INTS I AND) 2. BTBP 640
Xl =P 1(1) BTBP 650

RI=PI(2) BB 6

-mlP]3 BTBP 670
THETI=P1 (4) BTBP 680

R2=P2 (2) BTBP 690
FMS?=P2 13) BTBP 700
THET?=P?(4) BTBP 710

C*Y'***FOR AN I NITIAL FSTIMATE OF THE VALUES AT POINT 3. RTSP 720
R3=AVCF(R1.R2) BTBP 730

EMS3=AVCF:LMS1,FMS21 BTBP 740
THET3=AVGF(T TIi,THET2) ETBP 750
GO TO 17 BTBP 760

Cu-:*ITFRATInN FOR VARIABLES AT POINT 3. BTBP 770
C*****)F NSHAPE -1, OGIVE. BTBP 780

1 A=1.0 + (TAN (01FP13)**2 BTBP 790
B=2.0*lP1-Cl)*TAN tIlFF13) -2.0*C2-2.0*Xl*CrAN (DIFF13) (4*2 BTBP 800

C= C?* 2 - C3 + ( (R1-C1)-X1*TAN (D!FF13) )**2 BT8P 810
DISCR=B**?--4.0*A7C BTBP 820
IF(DISCR) 19,1993 BTBP P30

3 X3=(-B-SQRT (B**2-4.0*A*C))/(2.O*AI BIBP E140
R3=R1+(X3-Xl)*TAN (D)FF13) BTBP 650
THET3rATAN I (C2-X3)/(R3-C1) I BTBP_860

GO TO 10 BTBP 870
C*****IF NSHAPE -29 PARABOLIC. BTBP 880

4 A Cl BTBP 890
B=C2-TAN (D1FF131 BTBP 900
C=C3-Rl+X1*(TAN (DIFF13( I BTt4P 920
01 SCR=Hi*2--.0*A*C BTBP 920
IF(DISCR) 19919,6 BTBP 930

6 X3= (-B-iSORT (B**?-4.0*A*C))/(2.0*A) BTBP 940
R3-Rl+IX3-X1 )*TAN (OIFF13) BTBP 950

THET3=ATAN (C2+2.O*C1*X3) BT8P 960
GO 1 11)BTBP 970

C***'*I' NS14APE - 3, CONICAL, BTBP 980
7 X.7 (CI-RI-C2*C3+XI*TAN (DIFF13) / TAN (01FF13) C2 J 6TBP 990

R3=Rl+( X3-Xl)*'TAN (OIFF13) BTBP1000
IF(R3) 19,19,9 HB11

9 1HET3=ATAN (C2) STBP1020
Cu, TS AN4D EVALUATION FOR HORIZONTAL I-CHARACTERISTICS. BTBP1030

10 IFIABS (OIFFI'Ai-1.OE-3) 1101912 BTBPI(U4O
C~***FOR I HORIZONTAL. R.TBP1 050

11 PROD13=HQCOEF (R13,FMS134THFT13,ALPH13)*1X3-X 11 BTBP1060
GO TO 13 BTBP1OO

C*****FOR I-_CHARACTERISTIC, O.K. Brap1oBo
12 PROO13SOCOEFF( 1,R13,EMS13,THlET13,ALPH13)*(R3-R I) RTBP1090

C*****CALCULATION OF FLOW VARIABLFS AT POINT 3. BTBP11OO
13 EMSI=EMS1-P13*(THFT3-THET1)+4PROD13 BTBP1 110

DIFFMS (FMS3-SAVE1)/SAVE1 BTBP1 120
IFI(EMS3.LT.1.0) *OR. fEMS3.GT.FMSMAXI) GO TO 20 BTBP1130
IFI(ABS (ODIFFMS) .LE. 1.OE-41 GO TO le BTBP1 140

17 NCOUNT=NCOUNIT. BYBP1 150
IF(NCOUNT .GT. NCTMAX) GO TO 19 BIRP1160
SAV~l - EMS3 6TBP1170
R13-AVGF(R1,R3) B878P1180
FMS13-AVGF(EMS1,EMS3) BTBP1 190
THET13=AVGF(THE-T1,THFT3) B TB P1200

ALPH13=ALPHAP(EMS13,GAMMA) BTF5P1210
01lFF13-THET 13-ALPH13 BTMP1220
P13=PCOFFF( EN513,ALPHI3) BTBP1 230
GO T0 (1,4,71, NSHAPE BTBP1240

1A P311) -X1 6TBP1 250
P312)-R3i BTBP1 260
P3(3 )uEMS3 UTRPPI270

Ij
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ISUEBROLJTINE BTPPS (TSA9 PP-2) PAGE 6N-30

P3(4)=TH-ET3 
8TBP1280

IF(NOUJN7 *GT. NCTMAX) WRITE (6,180) NC(UNT,D)IFFMS BTBP1290

180 FQRMAAT(/, 5X,37H * cONVERGENCE ERROR IN *BTBPS
t
, C 13,2H , . RTBP1300

1 E10.3,SH I 1) 
TBP1310

RETURN 
BTBP1 320

19 NERR0R=+1 
BTBP1 330

RETURN 
STBP1 340

20 NERROR-1 BTBP1350

WRITE (6,21 
BBP36

21 FORMAT )//,23X,32H *$ERROR IN *BTBPS* CALO. BIB TP1370

RETURN 
BTBP1 380

END 
BTBP1390



APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SUBROUTINE U'JTBT2 (TSABiPP-2) PACE A-31

SUBROUTINE CUOTBT2(CAMMAEMS1,EMNEPRI1,P3,NI ,NGOTD,NPRINT,CO)I 08T2 10
C 08T2 20
Cvz9'**THIS SUBROUTINE PRINTS THE CALCULATED BOATTAIL SURFACE DATA 0212 30
C AT THE LOCATION, N= NDBPTS, IN THE BPTS(M,N) ARRAY. 0872 40
C 0872 50
C ***VARIABLES*** 0872 60
C 0872 70
C GAMMA = RATIO OF SPECIFIC HEATS. 08T2 R0
C EMSI = FREESTREAM MACH STAR. 0872 90
C EMNI = FREESTREAM MACH NUMBCR. 0872 100
C PRiIM FRFFSTREAM STATIC-TO-STAGNATION PRESSURE RATIO. OBT2 110
C P3(j) m BOATTAIL BOUNDARY POINT DArA. 08T2 120
C THE J SUBSCRIPT INDICATES THE FOLLOWING VARIABLES-- OBT2 130
C J1I CORRESPONDS TO x. 0872 140
C J=2 CORRESPONDS TO R. OBT2 150
C J=3 CORRESPONDS TO MACH STAR (EMS). OBT2 160
C J 4 CORRESPONDS TO THETA IN RADIANS (THETA). 0872 170

C NIJ 1, .. LOCATES THE BOUNDARY POINT ON THE BOATTAIL OBTZ 180
C SURFACE. 0872 190
C NGOTO = 1, NO)RMAL BOATTAIL CALCULATION. 0872 200
C z 2, ITERATION FOR I-CHARACTERISTIC THROUG'H (XB12,RBT2). 0872 210
C - 3, CALCULATION OF Il-CHARACTE-RISTIC THROUGH (XBT2,RBT2I. OBT2 220
C NPRINT = SEE SUBROUTINE *ABTS*. OBT2 230
C 08T2 240
C 0872 250

PRMSF( EMS, GAMMA)=( 1.-( (CAMMA-1.0 )/(GAM~lA+1.O))I*EMS**2 I**26
1 (GAMMA/(GAMMA-1.OII OBT2 270
EMNMSFEFMS,GAMMAI= SORTHI(2.O*(EMS**21)/(GAMMA.1.O))/ 0872 280
1 (1.O-(GAMAMA-1.0)/CGAMMA+1.O))*IEMS**?) I I 0872 290
DIMENSION P3(51 0BT2 300
IF(NPRINTI 80O,80,10 OBT2 310

10 XrP3(1) 0872 320
R=P31I2) OBT2 330
EMS±P3(3) OT 4

C**TELOCAL (RESUR COEAMMA) N IS CALCUILATED. CP IS BASED ON g882 38~0
C TEFREESTREAM MACH NUMBER AND PRESSURE. 08T2 390

WRITE (6,23) X,REMN,PRBICP OT 2
20 FORMATI ?XF13 .5,BXF1O.5,5XF1O.5,5X,F1O.5,SX,F10.5) OBT2 430

C*****THE BOATTAIL DRAG COEFFICIENT IS CALCULATED. CO IS REFERENCED OBT2 440
C TO THE FREESTREAM PRESSURE AND MACH NUMBER CONDITIONS. OBT2 450
C 0872 460

IF(NI-lI 33,30,40 OBTZ 470

C****srNI TIALIZE CD CALCULATION. 08T2 480
II30 CD O.O 00BT2 490

U)ENDMO ..5*GAMMA* IEMNI**2 )*(R**2) OBT2 500
GO TO 50 OBT2 510

40 AVGPR-C0.5*(PRMSFEEMS[,GAMMA)+PRMSF(EMS,GAMMAU)*PROBO1I/PR1O1 0872 520
CU=CD+(((1.0..AVGPR)*(RL**2-R**2))/DENOMI 0872 530

50 RL-R 0872 540
EMSL-EMS OBT2 550
GO TO (90,83,6019 NGOTO 0872 560

60 WRITE (69,3) CO 0872 570
70 FORMAT(/,25X,28d H DRAG COEFFICIENT, CD FR.5,3H*** t/ 08T2 580
80 RETURN OBT2 590

END 0872 600
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SUBROUTINE BTITER (TSABPP-2) PAGE A-32

SUBROUTINE BTITFR(XBT1,XBT2,P3,CI IU,NGOTO,NERROR) STIT 10

C BTIT 20
C*****SUBROUTINE CONTROLS BOIATTAIL ITERATION FOR I-CHARACTERISTIC BTIT 30
C PASSING THROUGH (XBT2,RRT?I. BuIT 40
C BUIT 50
C ***VARIABLES*** 9 TIT 60
C ETIT 70
C XBT2 = LONGITUDINAL COORO. OF TERMINAL POINT OF THE BOATTAIL. STIT 80
C P3 = CURRENT 13OUNDARY POINT FRUM SUBROUTINE *BTBPS*. BTUT 90
C GClD = CURRENT INITIAL 1I-CHARACTERISTIC DATA POINT. BTIT 100
C NGOTO a 1, BOATTAIL CALCULATION. BTIT 110
C = 2, ITERATION FOR I-CHARACTERISTIC THROUGH (XBT2,RBT2I. BTiT 120
C m 3, CALCULATION OF lI-CHARACTFRISTIC THROUGH (XBT2,RBT2). BTIT 130
C NERROR =-1, ERROR IN ITERATION, GO TO NEXT CASE. BTIT 140
C = 3 , RnUNOARY POINT CALCULATION U.K. MTIT 150*iC = 1, ERROR IN BOUNDARY POINT CALCULATION, START ITERATION. 8TIT 160
CC BTIT 170

UIMENSION P3(r5k SAVEL(5), SAVER(S), CUDO(S) BTIT 190

XBT - (XbT2-XBTI) BUIT 200
C*****ERROR OR ITERATION DETECTION. OTiT 210

GO TO (13,69), NGOTO BTIT 220

10 If-INERRR 20,20,50 8TII 230
20 IF(XIITZ-P3(i)) 50,190,30 BTIT 240
30) 1TERf =S TIT 250

00 40 M-1,4 BTIT 260
40 SAVEL.(MI=CIIO(M) SlIT 270

REYURN SlIT 280
Cv***'VITERATInN SEQt;ENCE. OTIT 290

5O NGOTOJ=2 STIT 300
60 IF(NERRORI 70,70,110 BTIT 310

70 IE(ABS((XBT2-P3(1II/XBT)-1.OE-4I 1909190,00 BlIT 320

80 IE(XBT2-P3(1)) 1109190,90 BTIT 330

90 00 100 M=1,4 BTIT 340I
100 SAVEL(MI-CIID(M) BTIT 350

GO TO 130 BUIT 360
110 D0 120 M=1.,4 BlIT 370
120 SAVER(M)-C110(M) UTIT 380
130 IFITTER-IS) 160.160,140 SlIT 390
140 NFRROR?-1 STIT 400

WRITE (69151) BTIT 410

150 FORHAT(//,SX,67H t*MAX. Nn. ITERATIONS EXCEEDED IN SBR. BTIlER. BTIT 420
1 GO TO NEXT CASE. I/ SIT 430IiRETURN HUIT 440

160 IFIABS I((AVEL(1I-SAVER(1'II/XBT)I.0E-4) 190,190,170 8111 450
173 ITER=ITER+1 BTHT 460

C*****INTFRVAL HALVE FOR VALUES ON INITIAL Il-CHARACTERISTIC. BUIT 470
DO 180 M=1,4 BUIT 480

180 CI IO(M) =O.5*(SAVEL(M)+SAVER(M)) BT IT 490
REtIR)N STIT 500

C*b***SOLUITION FOUND. 9TI 510
190 NGOTO-3 BUIT 520

4RET URN SlIT 530
END BlIT 540

90
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SUBROUTINE UFLOC (TSARPP-2) PAGE A-33

SUBROUrINE UFLOC (GAMMA,EMSXC,HC,NlCHARNFLOWI LFLO 10

C UFLO 20
C****THIS SUBROUTINE SUBDIVIDES THE INITIAL FAMILY II CHARACTERISTIC UFLO 30
C AND CALCULATES THE INPUT DATA FOR POINTS ON THIS CHARACTERISTIC UFLO 40

C FOR UNIFORM FLOW. UFLO 50
C UFLO 60

C ***VARIABLES*** UFLO 70

C UFLO 80

C GAMMA = RATIO OF THE SPECIFIC HEATS. UFLO 90

C EMS = APPROACH MACH STAR. UFLO 100
C XC = LONGITUDINAL COORDINATE WHERE EXPANSION IS CENTERED. UFLO 110

C RC = RADIAL COORDINATE WHERE EXPANSION IS CENTFRED. UFLO 120
C NEGATIVE FOR INTERNAL FLOW AND POSITIVF FOR EXTERNAL FLOW.UFLO 130
C NI - NUMBER OF INCREMENTS OF INITIAL CHAR. (MAX. IS 29) UFLO 140
C CHAR - INITIAL CHARACTERISTIC DATA ARRAY. UFLO 150
C NPLOW 1 1, INTERNAL FLOW. UFLO 160

C = 2, EXTERNAL FLOW. UFLO 170

C UFLO 180
C UFLO 190

EMNMSF(EMSGAMMA)=SORTI((2.O*(EMS**2))/(GAMMA+1.0)/ UFLO 200

1 (I1.0-((GAMMAI1.0/(GAMMA .1.0)*(EMS**2) ) UFLO 210
DIMENSION CHAR(5,30) UFLO 220
GO TO (10,20), NFLOW UFLO 230

C*****FOR INTERNAL FLOW. UFLO 240
10 NI115 UPLO 250

FN1=NI - UFLO 260

DR ABS (RCI/FNI UFLO 270
GO TO 30 UFLO 280

C*****FOR EXTFRNAL FLOW. UFLO z90
20 DR=O.03*ABS (RC) UFLO 300
30 [)X-OR*SQRTI(EMNMSF(EMS,GAMMA))**2-1.0) UFLO 310

IJPTS=NlI. UFLp 320

DO 40 N=INPTS UFLO 330
FN=N-1 UFLO 340

CHAR (1,N) = XC + FN*DX UFLO 350
CHAR (2,N) = RC + FN*DR UFLO 360
CHAR (3,N) = EMS UFLO 370

40 CHAR (4,N) = 0.0 UFLO 380
RETURN UFLO 390
END UFLO 400

9'
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SUPROUTINE CNFLOC (TSASPP-2) PAGE A-34

SUBROUTINE CNFLUCIGAMMA,EMSBETAXCRCNI) CNFL 10

C CNFL 20

C*****FDR INTERNAL CONICAL FLOW, THIS SUBROUTINE SUBDIVIDES THE CNFL 30

C NON-CHARACTERISTIC UNIFORM FLOW CURVE THROUGH THE POINT iXCRC) CNFL 40

C AND THEN CALCULATES THE INPUT DATA ALONG THE FAMILY I CNFL 50

C CHARACTERISTIC WHICH ORIGINATES AT THIS POINT. CmPL 60

C CNFL 70

C SUBROUTINE REQUIRES---FPS,APS. CNFL 80

C CNFL 90

C ***VARIABLES** CNPL 100

C CNFL 110

C rAMMA m RATIO OF THE SPECIFIC HEATS. CNFL 120

C L-MS - APPROACH MACH STAR. CNFL 130

C BETA - FLOW ANGLE, NEGATIVE, (IN RADIANS), AT (XC,RC). CNPL 140

c XC - LONGITUDINAL COORDINATE WHERE EXPANSION IS CENTERE0. CNFL 150

C RC = RADIAL COORDINATE WHERE EXPANSION IS CENTERED. CNFL 160

C NI w NUMBER OF INCREMENTS OF INITIAL CHAR. 4MAX. IS 29) CNFL 170
C CNFL 180

C CNFL 190
DIMENSION PMB(100,5,2), CHARI(5,301, CHARE(5,30, P1(5), P2(51, CNFL 200

I P3(5) NF-L 210

COMMON PM, CHART, CHARE, Ply P2, P3 CNFL 220

C CNFL 230

RCONE-RC/SIN (BETAI CNFL 240

Cv****SUBDIVISION OF THE NON-CHARACTERISTIC CURVE INTO N2 INCREMEP:1S. CNFL 250

C iN1-2*N21. TO CHANGE THF NUMBER OF INCREMENTS CHANGE ONLY N2. CNFL 260

C (MAXIMUM N2 IS 14). CNFL 270

r C CNPL 280

N2-10 CNFL 290

FN2=N2 CNFL 300

Ni-2*N2 CNFL 310
C*****STORE INITIAL DATA POINT. CNFL 320

PMB(ilI1)=X( CNFL' 330

PMB(1.,2,1)=RC CNFL 340

PMB(1,3,1)=EMS CNFL 350

PMB(1,4,1I=BFTA CNFL 360

DO 10 M=1,4 CNFL 370

10 CHARI(M,I)-PMB(I,MlI) CNFL 390

C*****THE FLOW FIELF CALCULATIONS ARE NOW MAOE ALOND'FAMILY I CNFL 390

C CHARACTFRISTICS STARTING FROM THE POINTS ON THE SUBDIVIDED CNFL 400

C NON-CHARACTERISTICS CURVE. THIS SEQUENCE IS NOT APPLICABLE FOR CNFL 410

C CALCULATIONS INVOLVING OTHER THAkI THE FIRST AXIS POINT. CNFL 420

C*****THE CALCULATED FLOW FIELD DATA FOR THE (Nl+fl POINTS ON THE CNFL 430

C FAMILY II CHARACTERISTIC ORIGINATING AT (XCRCI WILL BE STORED AT CNFL 440

C CHARI(M,N), WHERE N=l,Nl+I. CNFL 450

C CNPL 4h0

DO 40 N=1,N2 CNFL 470

C*'***CALCULATE DA1 ON THE NON-CHARACTERISTIC INPUT CURVE. CNFL 480I

F N=N CNI:L 4P0
ANGLERR9ETA*(1.0-FN/FN2) CNFI. 500

PFH(N+i;l,2)=XC+RCONE*(CnS(ANGLER)-COS(BETA) ) CNFI b10
PMB(N+12,2)=RCY F*SIN(ANGLF-R) CNFL 52n

PMB(N,1,3,2)=FMS CNFL 530

PMB(N+I,4,2)-ANGLER CNFL 540
KPTS=N+I CNFL 550

DO 20 IJ1,N CNFL 5 60

L-N-1+1 CNFL 570

C**** LOAO DATA/ CALCULATE FIELD POINT/ STORE DATA. CNFL 580
CALL MCOATA(IL+I,L,L3,KPTS) CNFL 59n

CALL FPS(CGAMMA,PIP2, P3,NFRROR) CNFL 600

20 CONTINUE CNFL f

C*v* STORt INIIIAL CHARACTERISTICS DATA. CNFL t,30

92
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St)Rkf'JUT I NF CNPLOC C TSA63PP-2) PAGE A-3',

MI1 30 M.=1,4 CNFL 640

3rJ CHARI (M,IlI)"PMB(1,M,2) CNFL 650

ClD,4,*SHIFT MF'HUU (OF CHARACTERISTICS DATA. CNFL 660

CALL MCO)ATA 13, LiL2, L3*KPTS) CNF L 670
40 CONTINuF CNPL 680

C***; THE CALCULATION SEQUENCE IS NOW MODIFIED FOIR SUBSFQU)ENT AXIS CN'rL 690

C AND FILLD PO)INT CALCULATIONS. CNFL 700

C CNFL 710

DO 90 NT-1,N? CNPL 720

NI =N2+N CNPL 730

L=N2+ 1-N CNF t 740

C~***LIUAD DATA/ CALCULATE FIELD POINT/ STORE DATA. CNF L 750

CALL MCOATA( ILL9L3,KPTS) CNFL 760
CALL APS lCGAMMA,P2pP3,NFRROR) NL 7
CALL MCO)ATAI 2,L1,L2,LKPTS) C NF L. 780

IF(Ni-NI) 70,70,50 C NFL 790

50 N II =L- 1 CNFL 600

LII =L CNFL 810

00 60 I=l,NII CNFL 820

*IC**'***LOAI) DATA/ CALCULATE FIEL(O POINT/ STORF DATA. CNFL 830

CALL mCnATA( 1,LILII-lL3,KPTS) CNFL B40

CALL FPSIG;AMMA,P1 ,P2iP3,NERROR) CNFL 850

*CALL MCU)ATA(2,LlL2tLlA-l,KPTS) CNFL 060

60 LII-LII-I CNFL 870

CA*4**STORE INITIAL CHARACTERISTICS DATA. CNFL 880

70 0D 80 M=1,4 CNFL 890

81 CHARIIM,NI+Il(PM8(1,M9P) CNFL 900

C**e**SHIF7 MEINO) OF CHARACiERISTICS DATA. CNFL 910

CALL MCnATA( 3tL1 L2,L3,LI CNFL 920

90 CONTINUF CNFL 930

RE-TU RN CNFL 94.0

END CNFL 950

_l I
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SkJBPOUl I NF PMSI)R (1 SA4PP-? I PACE A-36

SUBROUTINE PMSPRGCAMMA,FM51AR,PRATI0,RETA,XC,RC,K) PMS9 10

C PMSR 20

C (WAVFS OF FAMILY i1) INTO APPROXIMATELY IPRANL-MINCREMNS.O PMSH 40

C INPUT DATA IS THEN CALCULATED) F-OR THE MFiviOO OF CHARACTF-RISTICS PMSR so

C NET AT THE PHINT WHERE THE IEXPANS ION IS CENTERED. PMSb 60
C PMSB 70
C SUBROUTINE REOkIP)FS---FMSPM. PMSB 80

C Pl4SB g0

c ' **VARIABLES*** PMSB 100
C ~~PMSB II(

C GAMMA = RATIO Onu SPECIFIC HCEATS. PS 2

C EMSTAR = APPROACH MACH STAR. PMB130

'I HAV THP OLLOWIEMNSO RA E TNURENIN ANGL F PMSB 10

C PB A3-IMFNSIONAL ARRAY, PMBIL,MgN), OF DATA FOR TH E PMSB 190

cMFTHOD OF CHARACTERISTICS NET. THE SUBSCRIPTS L tHMN PMSB 200

C SUBDIVIDED PRANDTL-MEY R EXPANSION. PMSB 210

4C M=I CORR.ESPONDS TO X.- -M 4

C M=? CORRESPONDS TO R. PS 5

C M=3 CORRESPIINOS TIO MACH STAR (EMS). PMSB 2A0
C M S. CORRFSPONDS TO TliFTA IN RADIANS (THETA). PMSB 270

C N=1,? CORRESPONDS TO THE PREVBIOS OR CIURRENT I-CHAR. PM5B, 280

c LN=1 AT POINT WHERE TH-E INITIAL F:LOW CtlOnITIONS ARE PMSB 290
c SPECIFIFD AND THF P-M EXPANSION IS CENTERED. PMSB 300

C PMSB 310
C PMSB 320

OMECA(A,8I=SORT((B+1.0)/)B-1.0))*ATAN (SRU*2lOfPMSB 330

1 (l+.)/B1O-*-)lAA SORT(l(B+1.0)I(B3-I.0)I* PMSB 340
2(*~-1)/(+.0/B10-~)l PMSB 350

FMPR(AB)SQT(( B+.0/(-10)(~ 10~~* (-10)H)II PMS6 360

D)ImFNSION PMPA(10095,2), CHARI(5,30), CHAPF(5,3C), Pl)51, P2(5), PMSB 370

1 P315) PMSB 380
COMMON PMB, CHARhv CHARE, Ply P2, P3 PmS6 390

C PMSS 400

F-MS 1&EMST AR PMSB 410

EMS2=FMSPRf (PIRAT IO,GAMMAI PMSB 420

C****IF-UR WAVES OF FAMILY 11. PMS9 430UANGLFR=-)OMEGAFIEMS2,GAMMA) DMEGAP(EMSlt(;AHMAI) PMSB 440
IF iANGLFRlI3,1Oq,2O PMSB 450

11 K-(ABS (57.2957R*ANCLER)+I.D) PMS6 460
GO TO) 30 PMSB 470

231 K' 1 I PMS" 480
30 FRK-K PMSB 490

DELTA'ANCGLER/FK PMSB S00

C***V*KNCIWN INITIAL INPUT DATA FOR PMtA ARRAY. pmss 5i0
PMD) 1,1,1)=XC PMSB 520
PMBI 3,2,1) -RC PMSB 530

PM8(I,3, 1(-FMS1 PMS8 1740
PMB1J,4,I=BETA PMsa 51'0

C~**CALCiLATILIN OIF ARRAY DIATA FOR POINTS L-1,K+l AN)) N=1. PMSB 560
00 1 -IKPMS8 570

PMB(L- I,I,11=PMB(Lq1,1) PNISB 580

PMR(L+ , 2. 1)=PMB( Lt2, 1 PMSB 590

I PMlL+131=MSMiPBA,K ,PM8(L+1,4,I) ,GAMMA) Ps 1

ENOR\PM3 2

FN ) P~ S B 63



APPFNI)IX A. TWO' S TRE-Ak AXISYMMETRIC BASF PRESSulRE PROGRAM
FUNCTION IMSPM (TSARPP-2) PAGb A-37

FUNCTION FMSPM(FMSTAR,THETAI,THFTA2,GAHMAI EMSP 10
C EMSP 20
C*~*4*THI S FUKtICTTON CALCUJLATES TI-I FINAL MACH STAR APFR A EMSP 30
C PRANOTL-MEYFR FXPANSTI [N 1IR C(1MPRESS II)N GIVE-N TNT I IAL M* EHSP 40
c. ANO THE TLURNIN(; ANG-Lf IN RADIANS. EIMS P 1,40

C E M SP 60
C 4 VARIABLES **ENSP 70

C EHSP 80
C EMSPM = FINAL MACH STAR AFTER THE TURN OF (THETA? - THFTAI) . EHSP 90
I EMSTAR = APPROACH MACH STAR. ES 0

C THETAI. = APPROACH FLOW ANGLE (IN RADIANS). EMSP 110
C THETA? FINAL FLOW ANGLE (IN RADTANS). FMSP 120

C GAMMA = RATIO U)- SPECIFIC HEATS. EMSP 130
C EMSP 140

C THE SIGN CONVENTION FOR ANGLES IS CW(-) ANT) CCW(+I. EMSP 150

C EMSP 160
c EHSP 170

2(TA**21.T/C(13+1.0)/(8-1)-A**2 ( (I) +.)(R10) EHSP 200

C*****SET INITIAL VALUJES. EMSP 210

N ITMA 23 EHSP 230

NTYPEIl EHSP 240

C*****NTYPEl, INTERVAL HALVE. NTVPE=-2, TNTFRPOLATE. EHSP 250
RATIO=3 .5 FHSP 260
ANGLE. CTHETAP-THETAl) EMSP 270
IFIANGLET 20,20,10 EHSP 280

****FOR A REVERSIBLE CI)MF'R)SSTON. EMSP 290
10EMSN1.D) EMSP 300

OMEGANrO. EHSP 320)
F MSP-EMS TAR ES 2

GO TO 30 EMSP 330

C*CCC*FOR A REVF-RSTRLI- EXPANSTION. EMSP 340I
20 EMSN=EMS1AR EMSP 350

OMEGAN=OM(-GAF(EMSN,GiAMMA) EMSP 360
EMSPt SORT C(GAMMA*1-O)/(GAMMA-1 .0)) EMSP 370

C*****EVALUJATE OMFG;A FUNCTION FOIR CONDITION *2*. EMSP 380
30 UMEGA2=(OMLGAF(EMSTAR,GAMMAI-ANGLE) EMSP 390

C*****U)OES THF SOLUTION EXIST. EMSP 400
ITECOHEG'A2) 40,60 ,70 EMSP 410

40 WRITE (6,53) EMSP 420D
50 FORHAT(//,10X,25H *** ERROR IN -EMSPM- **/I EMSP 430

R ETURN EMSP 440
60 E-MSPM=1.0 EMSP 450

RETURN EMSP 460

C****4;INITIALLV INTERVAL HALVE AND) THEN INTERPOLATE. EMSP 470
70 NIT T NIT + 1 EMSP 480

(F(NTT .GT. NITMAX) GO TO 140 EHSP 490

EK.ST=EMSN+RATIUj4T MSP-ENSNT EMSP 500

OMEGAT=OMEGAF (EMST ,GAMMAI EMSP 510
*DI FF0- (OMEGAT-OMEGA2 I OMEGA2 EMIP 520

IFCABS (DIFFO)-I.OE-4) 140,140,80 EHSP 530
80 IFCT)IFF(l) 90,140,100 EMSP 540
90 EMSN EMST EMSP 550

OMEGAN~nM(CGAI EHSP 560
GO TO 110 EMSP 570

101) EMSP .LMST EMSP 580

OMEGAP=OMEGAT EMSP 590

NTYPf-2 EMSP 600
110 DIFFMS - (EMSP-FMSN)/EMSN EMSP 610

IF(ABS(DIFFMS) - .OE-41 140,140,120 EMSP 620

123 GO TO (70913)), NTVPE EMSP 630
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APPrNOIX A. TWO STREAM AXISYMMETRIC 2ASE PRESSURE PROGRAM
FUNCTION EMSPM (TSABPP-2) PAGE A-38

C*4A**INTFRP0LATE FOR THE SOLUTION. EMSP 640
130 RATIO(nIMEGA2-OMEGANI/(OMEGAP-OMEGAN) EMSP 650

GO TO .10 EMSP 660
Ct****SOLUTION FOUND. EMSP 680

140 EMSPM=EMST ES 6
IF(NIT ,GT. NITM4XI WRITE (6,150) NIT,OIFFO EMSP 690

150 FORMAT(/,S)X,34H * r*CONVERGENCF ERROR IN EMSPM, v 131 2H , EMSP 700

1 E10.3, 6H ) * 1EMSP 710
RETURN EMSP 720
END EMSP 730



APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

SUBROLITINE OUTODY (TSABPP-2) PAGE A-39

SUBROUTINE OUTBDY(NNPRINT,BPTSI OUTS IC

C OUTB 20

C* t*SUBR0UTINE PRINTS THE CURRENT CALCULATED BOUNDARY POINT DATA. OUTS 30

C OUTS 4C

C ***VARIABLES*** OUTB 50

C OUTB 60

C N = NUMBER OF CURRENT 9OUNDARY POINT. OUTB 70

C NPRINT = -1 OR C, C.P.B., DATA NOT PRINTED. OUTB BC

C +I, C.P.B. DATA PRINIED. OUTE 90

C BPTS(M,N) = CURRENT BOUNDARY DATA. OUTE 10

C M=l CORRESPONDS TO X. OUTB 110

C M=2 CORRESPONDS TO R. OUTE 120

C M=3 CORRESPONDS TO MACH STAR (EMS). CUTE 130

C M=4 CORRESPONDS TO THETA IN RADIANS (THETA). CUTB 140

C OUTE 150

C CUTB 160

DIMENSION BPTS(5,30) OUTE 170

C CUTE IBO
IFINPRINT) 2,2,1 OUTB 190

( X=BPTSI1,N) OUTB 200

R=BPTSI2,N) OUTE 210

THETA=57.29578*EPTS14,NI OUTB 220
C OUTB 230

WRITE (6,13) X, R, THETA OUTB 240

10 FORMAT(F15.6, F29.6, F30.6) OUTB 250

I COUTB 260

2 RETURN OUTS 270

END OUTB 280
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SUBROUTINE MCDATA (TSAF PP-2l 
PAEIA

SUBROUTINE MCPATAINOP, Li,L2 ,L3,KPTS) 
MCDA 10

C 
MCDt. 30

C*****SUBRDUTINE LOADS, STORESt OR SHIFTS MCDA 30

C METHOD OF CHARACTERISTICS DATA. 
MCDA 40

C 
MCDA 50

C NOP = 1, LOAnS PMB DATA IN PI,P2. 
MCDA 70

C_ = 2, STORES P3 DATA IN PMB. 
CDA 70

C.-, S I T M DA A F O 1- TO 1 1 MCOA 90

C 
MCOA 100

DIMENSION PMBI100,5,2), CHARI(5,30), CHARE(5,30), P115), P2151, MCOA 110

1 P3(5) 
MCDA 120

COMMON PMB, CHAR!, CHARE, Plo P2, P3 
MCDA 130

C.MCDA 
140

GO TO (10,30,5Gi), NOP 
MCDA 160

C 
MCDA 170

10 r00 20 M=1,4 
MCDA 170

P1CM )=PME'( Li ,M,2) MD 9

20 P2(M)=PMB(L29M,l) 
MCOA 100

RETURN 
MCOA 210

CMCOLA 
210

30 D0 40 M21v4 
MCJA 220

40 PMB(L3pM, 2) P3IM1 
CA 3

RETURN
CMCDA 

250

50 DO 70 KlIIa,KPTS 
MCDA 260

00 60 M-i,4 
MCDA 210

60 PMB(KlI,M, 1 I=PMB(KI19M, 2) MCOA 280

70 CONTINUE 
MCOA 2300

RETURN 
MCOA 310

c END 
MCDA 32f)
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APPFNDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

SURREUTINE FPS (TSABPP-2) PAGE A-41

SUBROUTINE FPS(GAMMAtPlP2-.P3,NERROR) FPS 10

C FPS 20

C*****AXISYMMFTRIC FIELD POINT SURROLTINE" (FPS) FPS 30

C FPS 40

C ***VARIABLES*** FPS 50

C FPS 60

C GAMMA - RATIO OF SPECIFIC HEATS. rPS 70

C PI(J) a J-TH FLOW VARIARLE AT THE POINT I WHERE I=1,2,OR 3. FPS 80

C Pl(J) AND P2(J),J-1,4 a FLOW VARIABLES AT KNOWN PnINTS 1 AND 2. FPS 90

C P3(JtJ=1,4 = FLOW VARIABLES AT THE UNKNOWN POINT 3. FPS 100

C THE J SUBSCRIPT INDICATES THF FOLLUWING VARIABLES--- FPS 110

C J-1 CORRESPONDS TO X. FPS 120

C J-2 CORRESPONDS TO R. FPS 130

C J=3 CORRESPONDS TO MACH STAR (EMS). FPS 140

C J=4 CORRESPONDS TO THETA IN RADIANS (THET). FPS 150

C NERROR = -1, ERROR IN CALCULATION. FPS 160

C = 1, CALCULATION O.K. FPS 170

C FPS 180

C POINTS I AND 3 ARE ASSUMED CONNFCTED BY FAMILY 1. FPS 190

C POINTS 2 AND 3 ARE ASSUMED CONNECTED BY FAMILY 11. FPS 200

C FPS 210

C FPS 220

ALPHAF(EMSTARtGAMMA)=ATAN (SQRT((I.O - ((GAMMA-1.fl)/(GAMMA+1.O)) FPS 230

1 *(EMSTAR**2))/(EMSTAR**2-1.O0l) FPS 240

AVGF(AB) - (A + B)/2.0 FPS 250

PCOEFF(EMSTARtALPHA)=EMSTAR*TAN (ALPHA) rPS 260
QCOEFF(NPOINT,RADIUS,EMSTARTHETAALPHAI(((EMSTAR/RADIUSI* FPS 270

1 (TAN (ALPHA)**)*TAN (THETAI)/(TAN (THETA) + ((-I.O)**NPOINT!* FPS 280

2 TAN iALPHA)) FPS 290

HQCOEF (RADIUStEMSTAR9THETAALPHA)=((EMSTAR/RADIUS)*TAN (ALPHA)* FPS 300

i SIN (ALPHAI*SIN (THETA)) FPS 310

C*****NPOINT IN OCOEFF() INDICATES THE KNOWN POINI BEING USED--i OR 2.FPS 320

DIMENSION Pl(5), P2(5), P3(5) FPS 330

C*****ERROR FLAG SEl, FPS 340

NCOUNT-0 FPS 350

NCTMAX=15 FPS 360

NERROR =0 FPS 370

EMSMAXSQ.IT ((GAMMA+1.O)/(GAMMA-1.O)) FPS 380

C*****KNOWN INPUT DATA FROM POINTS 1 AND 2. FPS 390
XI=PI(1) FPS 400

R1=Pl42 FPA 410

EMSI-PI(3) FPS 420

THETI=P(4) FPS 430

C FPS 440

X2=P2(1) FPS 450

R2=P242) FPS 460

EMS?-P2(3) FPS 470

THET2=P2(4) FPS 480

C*****FOR INITIAl ESTIMATE OF AVERAGE VALUES BETWEEN POINTS 1-3 AND 2-3.FPS 490

R3-AVGF (RI R2) FPS 500

EMS3-AVGF(EMS1,EMS2) FPS 510

THET3-AVGF(THET1,THET2) FPS 520

GO TO 11 FPS 530
C'**vITERATION FOR VARIABLES AT POINT 3. FPS 540

1 X3-(R2 - RI + Xl*TAN (DIFF13) - X2*TAN (SUM23))/ FPS 550

1 (TAN (DIFF13) - TAN (SUM23)) FPS 560

R3=(RI * (X3 - XI)*TAN (DIFF13)) FPS 570

C****VTEST AND EVALUATION FOR HORIZONTAL I OR I CHARACTERISTICS. FPS 580

IF(ABS (DIFFI3,-I.OE-3) 2,2,3 FPS 590

C*****FOR I HORIZONTAL. FPS 600
SPRODi3HQCOEF (Ri3,EMS13,THETI3,ALPH13)*(X3-X1) FPS 610

GO TO 4 PS 620

3 PROD13=OCOEFF(1,R13tEMS13tTHETI3,ALPHI3)*(R3-RI) FPS 630
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APPENDIX A. TWO STREAM AXISYMMETkIC BASE PRESSURE PROGRAM
SUBROUTINE FPS (TSABPP-2) PAGE A-42

4 IF(ABS (SUM231-1.OE-3) 5,5,6 FPS 640
C*****FD0R Il HORIZONTAL. FPS 650

5 PROD23xHQCOFF (R23,FW.523,THFT23,ALPH-23)*(X3-X2I FPS 660
GO TO 7 FP5 670

6 PROD23-ocOEPFF 2,R23,8MS23,THET23, ALPH231 *( 43-R21 MPS 680
C*****CALCIJLATION OF FLOW VARIABLES AT P0iNT 3. FPS 690

7 THET3=IP13*THFTI + P23*THET? + PR0013 - PR0023 + EMS1 -EMS2)/ FPS 700

1 (P13+P231 FPS 710
EMS3=EMS1 - P13*(THET3-THFTI) + PRO13 FPS 720
DIFFMS - EMS3-SAVEI)/SAVEI FPS 730
IF((EMS3.LT.I.0) DOR. (EMS7 .GT.EMSMAX)) GO TO 13 FPS 740
IFtABS (OIFFMS) .LE. 1.OE-4) GO TO 12 FPS 750

C FPS 760
11 NCOUNT-NCO)UNT+l FPS 770

Ir(NCOUNT.GT.NCTMAX) GO TO 12 FPS 780
SAVEI a EMS25 FPS 790
R13=AVGF(R1,R3) FPS 800
R23=AVGP(R2,R3) FPS Et10D
EMS13-AVGF(FMS1,EMS3) FPS 620
EMS23-AVGF(EMS29EMS3) FPS 830
THET13-AVGF( THET1,THET3) FPS 840
THET23-AVGF(YHET29THET3) FPS B50
ALPH13-ALPHAF( EMS13,GAMMA) FPS 860
ALPH23-ALPHAF (EMS23, GAMMA) FPS 870
P13'PCOEFPF EMS13,ALPH13) - FPS Boo

P23=PCOEFF( EMS23, ALPH23) FPS 890
OIFF13-THFT13-ALPH13 FPS 900
SUM23=THET23+ALPH23 FPS 910
GO TO 1 FPS 920

F- PS 930
12 P3(1) - X3 FPS 940

P312 )PR3 FPS 950
P3( 3)-EMS3 FPS 960

*P3(4)=THET3 FPS 970
IFCNCOUNT .GT. NCTMAX) WRITE 16.120) NCOUNTOIFFMS FPS 9H0

120 FORMAT(/P 5X,35H * CONVERrFNCE ERROR IN vFPS*, I ,13v2H , FPS 990
1 E1O.3,6R H * / FP5 1000
RETURN F PS 1010

c FPS 1020
13 NERRORft-1 FP5 1030

WRITE (6,141 FPS 1040
14 FORM~AT(f/,23X.29H **4 ERROlR IN *FPS* CALC. *4* i FPS 1050

RETURN FF5 1060
END FPS 1070
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APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SUHROUTINE APS ITSABPP-2) PAGE A-43

SUBROUTINE APS (GAMMA,P2,P3,NERROR) APS 10
C APS 20
C*****AXISYMHFTRIC- AXIS POINT SUBROUTINE lAPS) APS 30

CAPS 40
C FOR THIS SLJORnUTINE, THE UNKNOWN POINT 3 IS ON THF AXIS. APS 50
C THE KNOWN POINT 2 AND THE UNKNOWN POINT 3 ARE ALONG FAMILY HI. APS 60

CAPS 70

C ***VARIABLES***c APS 80
c APS 90

C GAMMA =RATIO OF SPECIFIC HEATS. APS 100
C P1(J) = J-TH FLOW VARIABLE AT THE POINT I WHERE 11I,2,OR 3. APS 110
C P2 ( )JW= 1,4 = FLOW VARIABLES AT KNOWN POIN4T 2. APS 120
C P3(J),Jsl,4 =FLOW VARIABLES AT THE UNKNOWN POINT 3. APS 130

IC THE J SUBSCRIPT INDICATES THE FOLLOWING VARIABLES--- APS 140
C J=1 CORRESPONDS 10 X. APS 150
C J=2 CORRESPONDS TO R. APS 160
C J=! CORRESPONDS TO MACH STAR (EMS). APS 170

C J=4 CORRESPONDS TO THETA IN RADIANS (THET). APS 180
C NERROR = -1, FRROR IN CALCULATION. APS 190
C = 3, CALCULATION O.K. P 20

APS 210
C APS 220

ALPHAF(EMSTAR,GAMMA)=ATAN ISORT(1.0 - ((GAMMA-1.OI/(GAMMA+1.Oi) APS 230
1 *(EMSTAR**2)I/(EMSTAR*t2-1.0II( APS 240

AVGFIA,R) - (A + B1/2.0 APS 250
PCOEFF(FMSTAR,ALPHAI=EMSTAR*TrAN (ALPHAI APS 260
OCOEFF(NPOINTRADIUSpEMSTARTHETApAL-PHA)-( (EMSTAR/RADIJS)* APS 270

1 (TAN (ALPHA)**2)*TAN (THETA))/(IAN (THETA) + ((-1.OI*QNPOINTI* APS 280

2 TAN (ALPHA)) APS 290
* IC*****NPOINT IN OCOEFFC) INDICATES THE KNOWN POINT BEING USED-i OR 2.APS 300

*DIMENSION P2(5), P3(5) APS 310
C*O***FRROR FLAG SET. APS 320

NCOUNT-O0 Al'S 330
NCTMAXI15 APS 340
NERROR=D APS 350
EMSMAX=SORT (iGAMMA+1.0)/GAMMA-1.0)9 APS 360

Cv****KNOWN INPUT DATA FOR POINTS 2 AND 3. APS 370I
X2=P2(1 APS 380
R2=PPI 2) APS 390

EMS2=P2(.3) APS 400
THET2.P2,( 4) APS 410

TR3. APS 430
RHE3 .0 APS 420

C**c'4*FDR INITIAL ESTIMATE OF AVERAGE VALUES BETWEEN POINTS 2 AND 3. APS 440

FMS3=EMS2 APS 450

R23-AVGF(R2,R31 APS 460
THFT23=AV(;F( THET2,THET3) APS 470
GO TO 5 APS 480

C****ITERATIflN FOR VARIABLES Al POINT 3. APS 490

I X3=X2 - CR2/TAN (SUM23I) APS 500

DIFFMS -(EMS3-SAVEI)/SAVE1 APS 520
IFI(EMS3.LT.1.0) OR4. (EMS3,GT.EMSMAXI) GO TO 7 APS 530

:1 FIABS(OIFFMSI .LE. 1.Dt-4) GD TO 6 APS 540
C APS 550

'NCOUNTrNCOUNT+1 APS 560
IFINCCUNT.GT.NCTMAX) Go TO 6 APS 570

SAVEIweMS3 APS 580
(M523=AVGF( EMSZ,EMS3) APS 590
ALPII23-hiLPHAFI EM523,GAMMA) APS 600
SUM23-THETZ3+ALPH23 APS 610
P23=PCOFFFIFMS23,LLPH23I APS 620
O23=QCOEFF(2.R23.FMS23,THFI23,ALPHZ3) APS 630
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APPENDIX A. TWO STREAM AXISYMMFTRIC BASE PRESSURE PROGRAM
SUBROtIT INE AC'S C rSARPP-2) PAGE A-44

GO TO 1 APS 640
c APS 650

6 P3(1)=X3 APS 660
P342)=R3 APS 670
P31 31=EMS3 APS 680
P3(4)=THFT3 APS 690
IF(NCOLINT .GT. NCTMAX) WRITE 16,60) NCOtiNTDIFFMS APE, 100

63 EDRMAT(/, 5X,35H * CONVERGENCE ERROR IN *APS*, C 913,2H , APS 710

I EIO.3,60 ** I APE 720
RI-TuRN APE, 730

c APE, 740
7 NFRRCR=-1 APE, 750

WRITE (6,R) APE, 760
8 PUIRMAT(//23X,29H F* RROR IN *4P5* CALC. * //) APS 770

RETURN APs 780O
END APE, 790
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APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SUBROUTINE CPPS (TSABPP-2) PAGE A-41;

SUBROUTINE CPRS(GAMMA1 PI, P2, P3, NERROR) CPUS 10
£ CPRS 20
C* ,***AXI SYMMETRIC CONSTANT PRESSURE BOUNIIARY SUBROUTINE ICPBSI CPBS 30
C CPBS 40
C POINTS 2 AND 3 ARE ON THE SAME CONSTANT PRESSURE BOUNDARY. CPBS 50
C POINTS 1 AND 3 ARE ASSUMED CONNECTED) BY FAMILY 1. CPBS 60
C- CPBS 70
C *'*tVARI ABLE St44A COBS 80
C CPBS 90
C GAMMA RATIO1 OF SPECIFIC HEATS. CPBS 100
C P1(J) = J-TH PLOW VARIABLE AT THE POINT I WHERE I1lt2,OR 3. CPUS 110
C P1(J) AND) P2LjI,J=1,4 -FLOW VARIABLES AT KNOWN POIINTS 1 AND 2. CPUS 120
C P3(J),J=1,4 = PLOW VARIABLES AT THE UNKNOWN POINT 3. CPBS 130
C TUE J SUBSCRIPT INDICATES THF FOLLOWING VARIABLES--- CPUS 140
C J=1 CORRESPONDS TO X. CPUS :50
C J=2 CORRESPONDS TO R. CPUS 160
C j=3 CORRESPONDS TO MACH STAR (ENS). CPUS 170
C j=4 CORRESPONDS TO THETA IN RADIANS (THET). CPUS 180
C NERROR - -1, ERROR IN CALCULATION. CPBS 190
C = 0, CALCULATION O.K. CPUS 200
C CPUS 210
C CIPBS 220

ALPHAF(EMSTAR,GAMMA)=ATAN (SORT(1.D - (IGAMMA-1.0I/(GAMA..D) CPUS 230
1 IE M STAR**2) )/(EMSTAR*t2-1.OI II CPUS 240

AVGFIA.B) - (A 4. B)12.0 CPUS 250 -

PCOFPIEMSTAR,ALPHA(-EMSTAR*TAN (ALPHA) CPUS 260
t4QCOEI- IRAOIUJS,FMS1AR,THETAALPHA)=((EMSTAR/RAIUS)*TAtI (ALPHA)* CPBS 270
1 SIN (ALPHA)*SIN (THETAII COBS 280
QCOE(FNP(IINT,RAOIUS,EMSTAR,THETA,ALPHA)S(IE-MSTAR/RADIUJSl* CPBS 290
I (TAN (ALPHA)**2)*TAN (THETAII/(TAN (THETA) .+ ((-1.OI**NPDINT)* CPBS 300
2 TAN (ALPHA)) CPUS 310

C*****NPOINT IN OCnfFF-( iNDICATES THE KNOWN POINT BEING USED-I OR 2.qPUS 320
DIMENSION P1(5k, P2(5), P3(%) CPUS 330

C*****ERROR FLAG SET. CPBS 340
NCOUNT=J CPUS 350
NCTMAX-15 CPUS 360

NERROR=) CPBS 370
C**

4
**KNDWW INPUT DATA FROM POINTS 1 AND 2. CPUS 380

X1=P1( 1) CPUS 390
RI-P1(21 CPUS 400

EMSI=P 1(31 CPUS 410
THETI-Pli(41 CPBS 420

C CPUS 430
X2=P2 11) CPUS 440
R?=P2 (2) CPBS 450
EMS2PF21(31 CPUS 460
THEIZ*P? I4) CPUS 470

C****SFOR INITIAL ESTIMATE OF AVERAGE VALUES BETWEEN POINTS 1-3 AND 2-3.CPBS 480
R3-AVGFIR1 ,R2) CPUS 490
THFT3rAVGF (THE-Ti,THET2) CIPBS 500

C*****SINCE POINTS 2 AND 3 ARE ON THE SAME CONSTANT PRESSURE BOUNDARY, CPUS 510
EMS3-EMS2 CPUS S20
rS3=AV~rt(EMSlI,EMS3) CPBS 530
ALPH13sALPHAF(EM513, UAMMA) CPbS 540
P13-PCOEFF ( MS13,ALPH13 I CPUS 550
GO TO 6 CPUS 560

C*S*SITERATION FOR VARIABLES AT POINT 3. CPUS 570
1 X3-(RI -R? * XP*TAN (THFT23I - X1*TAN (DIFF13)I CPBS 580

1 (TAN (THET23) -TAN (IIFF13(I CPUS 590
R3=(IR1 (X3 - X1(*TAN OI F1) CPUS 600
SIGN = R3SSAVEI CPUS 610

C**S4IXF SIGN IS NEGATIVE OR ZERO, AN ERROR HAS OCCURRED. CPBS 620
IF(SIGNI B,9.2 CPUS 630
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APPFNDiX A. TO STRFAM AXISYMMETRIC BASE PkESS~IuR PROGRAM60
SU1UIFCS TSAfRP1-2) PAGE A-46

C*---*TEST ANt) EVALUAl ION FOR HORIzONTAL I-CHARACTERISTIC. 
CPBS 640

4 PRnOO13=OCOEPFc,I3,EMSII,THET13,ALPH1
3 )*(R 3 -RIICB 95 THET3 (THETI - (IFMS3-FMS1-oRODD

3 )/D1 3 )) CPBS 700OIFFT-ITHET3-SAVE
2 ) /SAVE2 

CPBS '710
c IF(ABS(IFFT) LE. .0-4) GO0 TO 7 UPBS 720(6 NC0LJNT.NCOUN7+1 C 3

IF(NCOUNT.GT.NCTMAX) GO TO 7 
CB 5SAVE 1xR3 
CPBS 760SAVE2-TAET3 
CPBS 770R13=~AVGF(Rl,R3) 
CB 8THET13..AVGF(THETI pTHET3) 
CPBS 790

*1DIFF13-THET13-.ALPH13 

CPBS B00Q13=QCOF( lRl3,EMS13,THET13,ALPH1
3 ) CPHS 810THET23ftAVGfc THET2,THET3( 

PS 2GO TO 1 
CPBS 830

CCPBS 
8407 P3fl~xX3 

c8P3(2)-R3 
CPBS 860

.,f. ~P3(3)-EmS3 CB 6
P314 )uTHET3 

CPBS PRO-fIHNCOUNT .GY. NClMAX) WRITE (6,70) NC0UNTOJFF-T CPBS 89070) FORMAT(/, 5X,36H * CONVERGENCE ERROR IN *CPI3S*, 1 ,3,2H CPBS 900E10.3,6H 1 * )CPBS 
910RETURN 

CPBS 920
8 NFRROR-- 

CPBS 940WRITE (6,9) 
C.PBS 9509 FORMAT(//,23X,

3 0H F* RROR IN~ *IzPB5* CAL.C. * //lPSRETURN 
CPBS 970

END 
CPBS 970
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APPFNDIX A, TWO STRFAM AXISYMMETRIC BASE PRESSURF PROGRAM

SUBROUTINF OUTPUT (TSARPP-21 PAGE A-47

SUBROUTINE OUTPUT(GAMMAPEMSI,PRATIU,BETA,NPRINT,NFLOW) OUTP 10

C OUTP 20

C*****SUBROUTINE PRINTS INPUT AND SOME OUTPUT DATA, AND COL. HEADINGS OUTP 30

C FOR THE AXISYMMETRIC CONSTANT PRESSURE BOUNDARY SUBPROGRAM. OUTP 40

C DUTP 50

FMNPRF(PR,GAMMAI=SRT((2.0/(GAMMA-1.O))* OUTP 60

I (PR**F-CGAMMA-.O)/GAMMA)-I.O)) OUTP 70
EMSMNF(FMNGAMMA)=SORT((0.5'(GAMMA+1.O)*(EMN**2)]/ OUTP 80

1 (I.0+0.5*(GAMMA-1.O)*(EMN**2)) I OUTP 90

EMNMSF(EMSGAMMA)=SORT(((2.O*(EMS**2))/(GAMMA+1.OI)/ OUTP 100

1 (1.0-((GAMMA-1.O)/IGAMMA+I.O)I*(EMS**21) I OUTP 110

C OJTP 120

IF(NPRINT) 70,70#10 OUTP 130
10 BETAD57.2957795BETA OUTP 140

EMNI = EMNMSF(EMSIGAMMA) OUTP 150

EMN2=EMNPRF(PRATIOGAMMA) GUTP 160

EMS2tEMSMNFIEMN2,GAMMA) OUTP 170
GO TO 120,50), NFLOW OUTP IO

C OUTP 190

20 IF(ABS (BETA)-I.OE-4) 30,30,40 OUTP 200

C OUTP 210

30 WRITE (6,103) GAMMA, BETAU, EMNI, PRATIO, OUTP 220

I PRATIO, EMN2, EMS2 GUTP 230

100 FORMAT(IHI, ///, 21Xv 31H CONSTANT PRESSURE JFT BOUNDARY /, OTP 240

1 19X, 36H FOR INITIALLY UNIFORM AXI-SYMMLTRIC /, OUTP 250

2 24X, 25H SUPERSONIC INTERNAL FLOW 1/, OUTP 260

3 28X, i7H ***INPUT DATA*** I/ OUTP 270

4 7X, 9H GAMMA - F5.3, 24X, 1SH BETA (DEG.) - F10.6 /19 OUTP 280
5 7X, 12H MACH NO. F9.6, 17X, 8H P/PO r F8.6 I// OUTP 290

6 22X, 27H ***BOUNUARY OUTPUT DATA*-* //, OUTP 300

7 lX,8H P/PD z FB.6 3X,11H MACH NO. rF9.6,3X,I2H MACH STAR *F9.6//,OUTP 310

8 7X9 2H X9 27X, 2H R9 23X, 13H THETA (DEG.) /I OUTP 320

C OUTP 330

GO TO 70 OUIP 340
C OUTP 350

40 WRITE (6,101) GAMMA# BETAD, EMNI, PRATIO, OUTP 360

1 PRATIO, EMN2, EMS2 OUTP 370

101 FORMATIHI, ///, 21X, 31H CONSTANT PRESSURE JET BOUNDARY I, OUTP 380

1 19X, 36H FOR INITIALLY CONICAL AX1--SYMMETRIC /o OUTP 390
2 24X, 25H SUPERSONIC INTERNAL FLOW I// OUTP 400
3 28X, 17H ***I.NPUT DATA*** //, OUTP 410

4 7X, 9H GAMMA - F5.3, 24X, 1SH BETA (DEG.) - F10.6 I/, OUTP 420
5 7X, 12H MACH NO. - F9.6, 17X, OH P/PO - F8.6 I/, OUTP 430

6 22X, 27H V**BOUNDARY CUTPUT OATA*** //, OUTP 440

7 7X,8H P/PO = FB.6,3X,11H MACH NO. *F9.69X12H MACH STAR =F9.6//,DUTP 450
R 7X9 2H X9 27X9 2H R, 23X, 13H THETA (DEG.) /3 OUTP 460

C OUTP 470

GO TO 70 OUTP 480

C OUIP 490
50 WRITE (6,132) GAMMA, BETAU, EMNIt PRATIO, OUTP 500

1 PRATIU, EMN2, EMS2 flhTP S10
102 rURMAT(IHI, I/// 21X9 31H CONSTANT PRESSURE JET BOUNDARY /, OUTP 520

1 19X, 36k FOR 1NITIALLY UNIFORM AXI-SYMMETRIC /, GUTP 530

2 24X, 25H SUPERSONIC EXTERNAL FLOW //, OUTP 540

3 28X, 17H ***INPUT DATA*** //v GUTP 550

4 7X, 9H GAMMA l F5.3 24X, 15H BETA (DEG.) - FIO.6 //t OUTP 5A0

5 7X, 12H MACH NO. - F9.6, 17XP 8H P/PG - F8,6 //t OUTP 570
6 22X, 27H -- *ROUNDARY OUTPUT DATA*** //, OUTP 580

7 7X,BH PIPO - FR.6,3XIH MACH NO. *FQ.6,3X,12H MACH STAR -F9.6//,OUTP 590

B 7X, 2H Xt 27X# 2H R, 23X, 13H THETA ODEG.) /I1 OuTP 600
C oUlP 610

70 RETURN OUTP 620

END GUTP 630
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APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

S (TSABPP-2) PAGE A-48

SSuBUOUTNE TEST TEST 10

SUBROUTINE T&ST(RLNT,NSTMT,NFL0W NtBPTS) 
TEST 20

CT- 
30

C*****SUBROLJTINE STOPS CALCULATIONS AND RETURNS 
TO THE MASTER IF TEST

¢C . THE INTERNAL BOURND)ARY RADIUS EXC.EEDS RLMT OR IF THE JET TEST 40

BOUNDARY ANGLE CHANGES 
SIGN. 

TEST 50

C2. THE EXTERNAL BOUNDARY RADIUS IS LESS THAN RLMT. TEST 60
C 2-TEST 

70

C Go TO (10 0, NFLOW 
TEST 110

10 IFEBPTS((29N)-LMTI 20*50t0 
TeST 120

C 

TEST 130

20 IF(PTS(4,N I)*WPTS(4tN)) 
50#50940 

TEST 140
CTEST 150

30 IF(BPTS(2,Nl-RLMT) 20.50t50 
TEST 10

4 0 NFSBTS(M )BT S{4N) 
I0SOTS

C 

TEST 170

O TTEST 160
TEST 190

c 
TEST 210

SO NSTMT-ITET 2GO TO 60 
TEST 200

STEST 
220

50 NSTMT2 
TEST 220

60 R ETRN TEST 230

END

31

, 
06



APPFNDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SUBROUTINE SLIP (TSABPP-2) PACE A-49

SUBROUTINE SLIP(FMSI,THETA1,GAMMAI,EMS2,THETA2,GAMMA2, SLIP 10
1 THETAS,NSTOP) SLIP 20

C SLIP 30
CI**THIS SUORHUTINE CALCULATES THE SLIPLINE ANGLE FOR THE OBLIQUE SLIP 40
C SHUCK RFCOMPRFSSION SYSTEM WHICH OCCURS AT THE IMPINGEMENT SLIP 50
C POINT OF TWO SUPERSONIC STRFAMS IF IT EXISTS. SLIP 60
C SLIP 70
C SUBROUTINES RFQUIRED---PRSHK SLIP 80
C SLIP 90
C t*VARIABLES*** SLIP 100
C SLIP 110
C EMS1 MACH STAR OF STREAM 1. SLIP 120
C THETAX = FLOW ANGLE OF STREAM 1 (IN RADIANS). SLIP 130

C GAMMAI = RATIO OF SPECIFIC HEATS FUR SIREAM 1. SLIP 140
C EMS2 = MACH STAR OF STREAM 2. SLIP 150
C THETA2 = FLOW ANGLE OF STREAM 2 (IN RADIANS). SLIP 160
C GAMMA2 = RATIO OF SPECIFIC HEATS FUR STREAM 2. SLIP 170
C THETAS - SLIPLINE ANGLE (IN RADIANS). SLIP 180
C NSTOP = 1, FOR A SOLUTION. SLIP 190
C - 3, FOR NO SOLUTION. SLIP 200
C SLIP 210
C NOTE THAT THETAl IS ASSUMED LARGER THAN THETA2. SLIP 220
C SLIP 230
C SLIP 240

EMNMSF(FMS,GAMMA)=SQRTC(2.0/(GAMMA+1.O)U(EMS**2)/ SLIP 250
I (1.0-((GAMMA-1.0)/(GAMMA+1.I0))*(EMS*42*)I SLIP 260

C*****CALCJLATInN IF THE MAXIMUM TURNING ANGLE FOR A GIVEN AI-PROACH SLIP 210
C MACH NUMBER AND GAMMA (NACA R-1135). SLIP 280
C SLIP 290

SINWA2 (EMN,GAMMA)-(O.25/(GAMMA(EMN**2)))*GAMMA+1.O)*(EMN**2)
- 

SLIP 300
1 4.0 + SORT(HGAMM+1.0I*) GAMMA+1.O)*(EMN**4) + SLIP 310

2 B.O*GAMMA-1.0) EMN**2) + 16.0))) SLIP 320
C*****SINWA2 CALCULATES THE SINE OF THE SHOCK WAVE ANGLF SOUARCD SI.-P 330
C FOR MAXIMUM STREAM DEFLECTION BEHIND THE SHUCK (EON 168). SLIP 340
C SLI 350

DELTAM (EMN,GAMMASIN2WA)=ATAN ((Z.D*SORT(I1.0-SIN2WA)/SIN2WA)* SLIP 360
1 ( EMN**2)*SIN2WA-1.0)/(2.0+(EMN**2)* SLIP 370
2 (GAMMA + 1.0 - 2.0SIN2WA))) SLIP 380

C4*t*UIELTAM CALCULATES THE MAXIMUM TURNING ANGLE GIVEN THF APPROACH SLIP 390
C MACH NUMBER, GAMMA, AND THE SINE SQUAREO OF THE WAVE ANGLE, SLIP 400
C SIN2WA, FOR THE MAXIMUM DEFLECTIUN (EON 13qA). SLIP 410
C SLIP 420

PROSHK IEMNSIN2WA,GAMMA) (2.0*GAMMA*(EMN**2)*SINZWA-GAMMA41.O)/SLIP '30
1 (GAMMA+1.0) SLIP 440

C*****PRUSHK CALCULATES THE STATIC PRESSURE RISE FOR AN OBLIQUE SHOCK SLIP 450
C GIVEN THE APPROACH MACH NUMBER, THE SINE SQUAPED OF THE WAVE SLIP 460
C ANGLE, AND GAMMA (EON 120). SLIP 470
C SLIP 480

NIT - 3 SLIP 490
NITMAX - 15 SLIP 500
EMN1aEMNMSF(EMSI,GAMMAI) SLIP 510
EMN2-EMNMSF(EMS2,GAMMA2) SLIP 520
PRMAXI s PROSHK (EMNISINWA2 IEMNI,GAMMA1I,GAMMAI) SLIP 530
THETIM-(THETAI-DELTAM (EMNI1GAMMA1,SINWA2 (EMNI,GAMMA(I)} SLIP 540

PRMAY2 - PROSHK (EMNZ,SINWA2 IEMN2,GAMMA2),GAMMA2) SLIP 550
THET2M=(THETAP+F+ELTAM (EMN2,GAMMA2,SINWA2 (EMN?,EAMMA21)) SLIP 560

C** **DETERMINE THE POSSIBLE SOLUTION RANGE nR THEIAS. SLIP 570
THETISz'THETA1 SLIP 580
PRSHK1=1..) SLIP 590
THET2S"THETA2 SLIP 600
PRSHK2-I.) SLIP 610
IF(THET2M-THETIMI 600,600,100 SLIP 6iO

100 IF(THETAI-THEY2Mt 120,120)110 SLIP 630
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APPENUIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SUBROUTINE SLIP CTSAgPP-2) PAGE A-50

110 THET1StTHET2M SLIP 640
PRSHKI = PRSHKCFMS1,-(THFTAI-THET1S ,GAMMAI SLIP 650
IF(PRSHK1-1.0) 600,600,120 SLIP 660

120 IF(THETA2-THTINM) 130,200,200 SLIP 670
130 THET2S=THETIM SLIP 680

PRSHK2 = PRSHKtEMS2,-(THFTA2-THET2S),GAMMA2I SLIP 690
IF(PRSHK2-1.0 600,600,200 SLIP 700

CA****I)OES A SOLUTION EXIST WITHIN THE PUSSIBLE SOLUTION RANGE. SLIP 710
200 IF(IPRMAXI.LT.PRSHK2) .DR. (PRMAX2.LT.PRSHKI)) GO TO 600 SLIP 720
400 NITsNIT+1 SLIP 730

IF(NIT .GT. NITMAXI GO TO 510 SLIP 740
C*****ITERATION FOR SLIPLINE ANGLE SOLUTION. SLIP 750

THFTAS0.S*(THETIS + THET2S) SLIP 7u0
PRim PRSHK(EMSIt-(THETAI-THETAS),GAMMAI) SLIP 770
PR2= PRSHK(EMS2,-(THFTA2-THETAS),GAMMA2) SLIP 780
PRO)IFF=(PRi-PR2)/((PRI+PR2)/2.0I SLIP 790
IF(ABS (PROIFF) - 1.0F-4) 530,530v500 SLIP 800

500 IF(PRDIFF) 510,530,520 SLIP 810
513 THETIS=THETAS SLIP 820

GO TO 403 SLIP 630
520 THFT2S=THETAS SLIP 840

GI TO 400 SLIP 850
530 NSTOP - I SLIP 860

IFINIT .GT. NITMAXI WRITE (6,540) NITPRDIFF SLIP 870
540 FORMAT(/,SX,33H ***CUNVERGENCE ERRUR IN SLIP, I 13, 2H , t SLIP M0

1 13.3, 6H I * /1 SLiP 890
RETURN SLIP 900

c SLIP 910
600 NSTOP = 3 SLIP 920

WRITE Et,73)) SLIP 930
700 FORMAT(15X,4AH ***SOLUTION FOR SLIPLINE ANGLE DOESN-T EXIST*** //)SLIP 940

RETURN SLIP 950
END SLIP 960
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APP END)IX A. TWOI STRI-AM AX ISYMMETRIC RASE PRE SSUJRE PROGRAM
EtJNCT1ON PRSHK ITSAB PP-2( PAGE A-51

FUNCT ION PR SHK (EMSJ AR , OFLTA , GAMMA)I PRSH 10
"1 URSH 20

C***UBL I UE SHUCK FIJNClI (IN ( RFERENCE- MAC A R- 1135) PRSH 3-0
C PRSH 40
C THIS FUNCTION CALCULATES THP STATIC PRESSUREF RATIO AcROSS AN PRSH 50
c UHiLIOIE S;HOCK (WEAK SOLUTION) GIVEN VHF. APPRUACH MACH STAM AND PMSH 60
C THE TURNING ANGLE (IN RADIANS). PRSH 70

AC PRSH SO

.1C ***VARIABLES*** PRSH g0

C PRSH 100
C FMSIAR =APPROACH MACH STAR (M* z V/CM). PRSH 110
C DELTA = TuRNING ANGLE (IN RADIANS). PRSH 120

C GAMMA =RAT 111(IF SPE:CIF-IC HEATS. PRSH 130
C PRSI-K -FINAL TO APPROACH STATIC PRESSURE RATI. PRSH4 140
C PRSH 150
C PRSH 160

C****IUUATII)N CiOEFI-IC lENT (UNCIIUNS. PRSH 170
CUNSTB (EMSOO,I)ELTAGAMMkA = -(FlM5Q + 2.01/IzMS00 PRSH 1(10
I GAMMA*(SIN (IELTAI**2I PRSH 190

CUNSTC (EMSOUUE-L)AGAMMA) = (?.0*EmSQO) + I.U)(EMSOD*42) + PRSH 200
1 (((GAMMA + l.0)*vI/4.0 + (GAMMA - 1.O(/tMSOD)*ISIN (DELT A) 2) PRSH 210

CONS TO1 (EbMSU E-L IA -(CLIS I(OF L7A) *402)/FM SOD*? PRSH 220
EMNSQ0 (EMSGAMMA)-( 2 .U/ (GAMMA.+1.U01))* I EMS** 2)/ 0. PRSH 230
1 -((GAMMA..1.0)/(GAMMA+1.0I)*(I9MS**2)I PRSH 240

C PR SH 250
DI MENS ION y(31PPSH 260

EM2rFMNSQD (E.MSTAR,GAMMA) PRSH 270
C*****'SOLUTION III CUBIC EQUATION I-OR WAVE ANGLE SQUARED. PRSII 2(30

A =C(1 .1/3.0 )*13.O*CUNSTC, ui-N 2,UELTA,GAMMA) - PRSH 290
1(CEJNSTb (EM?oEILTAGAMMA)I**2) PRSH 300
B - (1.i/27.3)*(2.0*CUNST (EM2,OLLTAGAMMAI**3) - PR SH[ 310

1 .0 * (CONSTIM ( FM2,gDEL TAiGAMMA)*(CON14ST C U M2,DOFL TA, GA MMAI I + RSH 320

2 27 OoCIINSTO I)1EM2 ,DE-LTA) I PRSH 330
CUSPHI = C -B/2.0)/SQRT( -(Ak*31/27.0I PRSH 340
IARS (CUSPHI) - 1.0) 20,208I0 PRSH 350

10OSOK =3.3 PRSH 360
RE TURN PRSH 370

C P(50 310

20 PHI1 (ATAN (SURT(1.U - CUSI)HI**2)/CUS&PI ) PRSI( 3940

1 PHI =PHI + 3.141593 PS 1

*I2 00 3 1"1,3 PS 2
Al - I P1(50 430

* .C*'. 'flY(I I IS THE SINE SQUJARFO OIF THlE WAVE ANGLE. PRSH 440
3 Y(I IN 2.3*S0WT(-A/3.0)*COS (P01/3.0 + (AI-l.D)*2.094395) -RS P1 450

1 CUINSTB (EM2,DELTAGA4MMA)/3.0 PRSH 460
C***THE ROOTS OF THE CI(BIL EOQN WILL NOW BE ARRANGED IN ASCINUING P1(50 470

C ORDER, THAT IS, Y(1) LESS% THAN Y(211 LESS THAN YVII). PRSH 480
C PRSH 490

0O 6 1=1,2 P1(50 500)
N I+1I P1(50 510
DO 5 J-N,3 PRSH 520
IF1YiI)-Y(J)) t5p5,4 PRSH 530

4 SAVE - Y(J) P1(50 540
Y(J) - Y(1) PRSH 550
5(I) - SAVE PRSH 560

5 COINTI NUEF PRSH 570
6 COINTINUE PRSH 580

C*l'***THEF ROUT CORRESPONDING TO THE WEAK SOLUTION IS Y12) AND PRSN 590
C THE R OT CCIRRFSPONIOINO TO THE STRONG SOUTION IS v(3). P1(50 600

C YII) IS THE SQUARE 0I: THE SINE OF THE SHOCK ANGLE (SIGMA). PRSI 610(
C P1(50 620

1 =2 PRSH 630
P11 SHK (2.0*GAMNA*EMA2*Y(I)- (GAMMA- 1.0))(I/IIMvA + 1.0) P1(51 640
Ri BRIN PRSrI 650
END P1(50 660
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4APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SUBROUTINF TEGRAL (TSABPP-2) PAGE A-52

SUBROUTINE TEGRALIPHIO,CSOD,TRB0,e11JEI 1D?E13JEI3D) TEGR 10
C TEGR 20
Cv**** THIS SUBROUTINE CALCULATES THE TURBULENT JET MIXING INTEGRALS. TEOR 30
C TEGR 40
C t*VARi.A8LES4'*' TEGR 5O
C TEGR 60
C PHID = D)ISCRIMINATING STREAMLINE VEI-OCITY RATIO. TEOR 70
C CSOD =FREE-STREAM CROCCO NUMBER SUARED. TEGR 80
C TRBO = BASE TO FREE-STREAM STAGNATION TEMPERATUIRE RATIO. TEGR 90
C ElIJ = MIXING INTEGRAL I FOR JSTREAMLINE. TEGR 100
C EID = MIXING INTEGRAL 1 FOR U STREAMLINE. TEGR 110
C EI3J = MIXING INTEGRAL 3 FOR J STREAMLINE. TEGR 120
C E13D MIXING INTEGRAL 3 FOR 0 STREAMLINE. TEGR VI'
C TEGR
C TEGF

TJM1F(PHICSOO),TRO) = P-Hh/ITRO-CSUD*(PHi*#,2)) TEGR
TJm2F(PHICSOO,TRU) =(PHI**2)/(TRU-CSOD*(PHI**21) TEGR
TJM3FCPHI.CSOD.,TRUI = (PHI*TRO)/(TRO-CSOD*(PHI**21 I TEGR 18'
DIMENSION TR01350),E1113501,EI2I35qI,E13(3501 TEGR I 10
COMMON /ERFVP/ PH11350) TEGR 200

C****tTHE ERROR FUNCTION VELOCITY PROFILE, PHI(I, IS INITIALIZED IN TEGR 210
C *BLOCK nATAt AND STORED IN LABELED COMMON *ERFVP*. PHIl I) Is TEGR 220j
C GIVEN FOR 1'1,350 VALUES OF ETA IN THE RANGE OF ETA=-3.5 To TEGR 230
C ETA=3.5 [N INCREMENTS OF DETA=O.02. TEGR 240
C*'**INCREMENT SIZE AND INITIAL VALUES AT (ETA RBI ARE SPECIFIED HERE. fEGR 250

DETA = 0.)2 TEGR 260
TROll) = TRBO TEGR 270
EI1(1) = 3.3 TEGR 280
E12(1) = 0.0 TEGR 290
EIl) 3.) TEGR 300

C*****CALCULATION OF THE MIXING TABLE BY THE TRAPEZOIDAL RULE. TEGR 310
00 2 1=1,349 TEOR 320
TRDII+1) =ITRBO + f1.0-TPBOI*PHIII+1II TEGR 330
EIIII+lI = ElIII 4 0.5*CTJM1FIPHI(I+1),CSOD',TRO(I+lfl + TEGR 340

1 TJM1F(PHI(i),CSQO,TRIl))IVOETA TEGR 350
E1211+1) = F12(1) +O0.5*TJM2FPHII+)CSOT, .1+1)) + TEGR 360
1 TJM2FiPHI(I,CSQO),TRD(I))I*DETA TEOR 370
E1311+I) = E13(1) + O.5*CTJM3FIPHI II+1I,CSOD,Tl0lI+l)l + TEGR 380
1TjM3FIPHI(I,CSQO,TRO(I)))*DETA TEGR 390

J = 1+1 TEGR 400
IEIPHIIJI .LT. 10.25)) GO TO 2 TEGR 410
IFIABSI1.3)-I(EIIJ)-E121J1)/IEI1IH--E12(II)l,)LE.1.oE-04) GO TO 3 TEGR 420

2 CONTINUE TEGR 430
C****ODETERMINE THE J- AND 0-STREAMLINE VALURS UF THE INTEGRALS. TEGR 440

3 FI1J = FIlIj) - E121J) TEOR 450
C*~**TABLE SEARCH AND INTERPOLATION FOR E13J. TEOR 460

DO 4 1=1,j TEOR 470
IFIEI1(II .G1. EILJI GO 10 5 TEGR 480

4 CONTINUF TEGR 490
5 F13J = F13(1-1l (11)E311)/E1I-I(-Il TEGR 500

1 (EI1J-Eillt-ill TEGR 510
C***4*TABLE SEARCH AND INTERPOLATION FUR EIIO, E130. TEGR 520

DO 6 I=1,J TEGR 530

IFIPHICI) GT1. PHIIII GO TO 7 TEOR 5AO
6 CONTINUE TEGR 550
7 El10D = f-l -l+Itl lEiIi /PII -H 11)*TEGR 560

1 IPHIF'-PHIIIl-i I TEGR 570
E13D0=F13(1-1) + ((E131l)-E1311-1))/IPHI~i)I-PHI(l-1)))* TEGR 580

IPHIIJ-PHII I-ill TEGR 590
R E TUR N TEGR 600
END TEOR 610
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APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PRI)GRAM
MAIN PROGRAM (TSAHPP-2) PAGE A-53

BLOCK DhTA BLDA 10
C***c*THE ERRnr? FL\.VCT!GN VELOCITY PROFILE, PHI(I)v IS INITIALIZED IN BLOA 20
C *BLQCK 0 V AND STDRED IN LABELf: COMMON *ERFVP*. PHI(I) IS BLDA 30
C GIVEN ;: 1) i2.70 "ALUFS OF ETA IH THE RANGE OF ETA=-3.5 TO BLDA 40
C ETA=3.- I, INCR0,4ENT, D DETA=O.G2. BLDA 50
C BLOA 6n

COMMON IcRAVPi AI(45),A ,B5),345),A445),A5(45)iA6(45),A7T45), BLDA 70
1 A8(35, BLDA 80
DATA Al BLDA 90

* /0.000003 1 0.000000 , 0.0(1000 , 0.000000 0.000000 , BLDA 100
* 0.033303 , 0.00001 0.0000,1 0.000001 0.000001 , BLDA 110
* 0.000001 , 0.000011 , 0.000J02 9 0.000002 0.000002 , 8LOA 120

0.033033 , 0.000003 , ) 000004 v 0.000004 0.000005 , BLDA 130
S0.o000 , 0.000006 * 0.000007 , 0.000008 0.000009 , BLDA 140
4 0.033311 * 0.000012 , 0.000014 , 0.000016 v 0.000018 , BLDA 150
* 0.00002) , 0.000023 v 0.00002?. 0.000029 p 0.000033 , gLCA 160
* 0.033337 , 0.0000',2 , 0.000047 , 0.000053 . 0.000059 , BLDA 170
* 0.000067 , 0.000075 0.000084 , 0.000094 0.000105 / BLDA 180

DATA A? BLDA 190
* /0.000118 p 0.000131 , 0.000147 0.000164 0.000182 , BLDA 200
* 0.033233 , 0.000226 , 0.0002.4l 0.000279 0.000310 , BLDA 210

0.000344 , 0.000381 0.000422 0.000467 0.000517 , BLOA 220
* 0.033571 , 0.000631 * 0.000696 0.000767 0.000845 , BLDA 230
* 0.000931 , 0.001024 , 0.001126 0.001237 0.001358 , BLDA 240
* 0.031489 , 0.001632 , 0.001788 0.001956 0.002140 , RLDA 250

0.002338 * 0.002553 , 0.002786 0.003038 0.003310 , BLDA 260
* 0.033634 , 0.003921 , 0.004263 0.004631 0.005027 , BLDA 270

).035454 , 0.005912 , 0.006404 t 0.006932 0.007498 / BLDA ?80
DATA A3 RLDA 290
/0.008104 , 0.008753 0.009446 v 0.01018A , 0.010980 , BLDA 300

V 0.011925 7 0.012725 0.013685 , 0.014706 0.015792 * BLDA 310
* 0.016946 , 0.01R172 0.019472 , 0.020851 0.022311 , BLDA 320
* 0.023857 , 0.025491 0.027219 , 0.029043 ,0.03067 , BLDA 330
4 0.032996 , 0.035133 ,0.°o7382 , 0.039747 0.042233 , BL[OA 340
* 0.044843 , 0.047582 0.0 0453 0.053460 0.056607 , BLDA 350
* 0.0591199 , 0.063338 0.066930 0.070677 0.074583 , BLDA 360
* 1.078652 , 0.082887 0.087291 0.09186, 0.096620 , BLDA 370
* 0.10155) ,0.106661 0.117955 0.117434 , 0.123101 / BLOA 180
DATA A4 BLDA 390

* /3.128956 0.135002 0.141239 , 0.147669 , 0.154292 BLOA 400
* 0.161108 0.168118 0.175322 , 0.1B271A , 0.190305 BLDA 410
* 0.198084 0.206051 0.214205 0.222544 t 0.231065 ILDA 420
* 0.239765 0.248641 0.257688 0.266904 1 0.276283 , BL0A 430

0.285822 0.295514 0.305354 0.31533R 9 0.325457 BLDA 440
* 0.335708 0.346082 0.356572 0.367173 t 0.37787t. BLDA 450
* 3.388673 0.3q9557 0.410519 0.421552 1 0.432647 BL,)A 460
* 0.443795 0.45498B f 0.466217 0.477472 9 0.488746 BLDA 470
* 0.500029 0.511311 0.522585 , 0.533840 , 0.545069 BL/8A 480
DATA A5 BLOA 490

* /3.556261 0.567400 0.578504 , 0.589536 0.600498 , LOA 500
* 0.611382 0.622179 0.632881 , 0.643480 0.653971 , LDA 510

0.664344 0.674593 0.654712 j 0.69469S 0.704534 BLOA 520
0.714226 0.723763 0.733141 , 0.742356 0.751403 BLVA 530

* 3.760278 0.768977 0777497 , 0.785834 0.793988 BLI)A 540
* 0.801954 0.809731 0.817317 , 0.824712 0.831915 RLDA 550

4 0.838923 , 0.845739 , 0.852361 # 0.858789 v 0.865026 1 BLDA 560
* 0.871070 , 0.876925 , 0.882590 , 0.888068 0.B93361 BLDA 570

* 3.898471 , 0.903400 , 0.908151 , 0.912726 0.917130 BLDA 580
DATA A6 BLDA 590

* /0.921364 0.925432 p 0.929337 , 0.933083 0.936674 , BLDA 600
0.94)113 0.943404 , 0.946550 , 0.949557 0.952427 , BLDA 610

* 0.955165 0.957774 0.960259 , 0.962624 0.964R73 * 8LDA 620
* 0.967039 0.969037 0.970961 , 0.972785 0.974511 , BLDA 630
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APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
MAIN PROGRAM (TSABPP-2) PAGE A-54

* 0.976146 g 0.977691 , 0.979151 , 0.980529 , 0.981R29 v BLDA 640
* 0,983154 , 0.9R4208 , 0.985293 , 0.986314 , 0.987274 , BLDA 650
* 0.988174 , 0.989018 , 0.989810 , 0.990551 , 0.991245 , RLDA 660
* 0.991094 , 0.992500 , 0.993065 , 0.993593 , 0.994085 , BLDA 670

* 0.994543 , 0.994969 , 0.995365 , 0.995733 , 0.996075 / BLDA 680
DATA A7 BLDA 690

* /0.996392 * 0.996686 , 0.996958 0.997210 0.997442 p BLDA 700
* 3.997657 , 0.997856 , 0.998039 0.99820A , 0.998363 , BLDA 710
* 0.998506 , 0.998638 , 0.998758 0.998869 , 0.998971 , BLDA 720
* 0.999064 , 0.999149 , 0.999227 0.999299 , 0.999364 , BLDA 730

* 0.999424 , 0.999478 , 0.999527 0.999572 , 0.999613 , BLDA 740
* 0.999651 , 0.999685 , 0.999715 t 0.999743 , 0.999768 , BLDA 750
* 0.999791 , 0.999812 , 0.999831 , 0.999848 , 0.999863 , BLDA 760

0.999877 , 0.999889 , 0.999900 0.999910 , 0.999919 , BLOA 770

* 0.999927 , 0.999935 , 0.999941 0.999947 , 0.999952 / BLDA 7BO
S!DATA AR BLDA 790

* /0.999957 0.999961 0.999965 0.999968 0.999971 BLDA 800
* 0.999974 : 0.999976 t 0.999978 , 0.999980 : 0.999982 BLDA 810
* 0.999983 , 0.999984 , 0.999985 0.999986 , 0.999987 BLDA 820
* 0.999988 0.9q9989 0.999989 E0.999990 0.999990 BLDA 830
* 0.999991 , 0.999991 , 0.999991 , 0.999992 , 0.999992 BLDA 840

, * 0.999992 , 0.999992 , 0.9q9992 0.999992 , 0.999993 BLDA 850
* 0.999993 , 0.999993 ) 0.999993 0.999993 , 0.999993 BLDA 860
END BLDA 870
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APPENDIX B

COMPUTER PROGRAM ORGANIZATION AND
SUBROUTINE DESCRIPTION

The names and brief functional descriptions of the subroutines
used in the base-pressure program, TSABPP-2, are given in this ap-
pendix. The subroutines are ordered on a first-call basis and are
seque)ced relative to the routine from which they are called.

Additional explanatory C0MMENTS regarding the make-up and opera-
tion of this program are contained in the program listing, APPEN-
DIX A.

SEQUENCE
NUMBER NAME FUNCTION

TSABPP-2 Main program in which the various calcula-
tion and iteration sequences required in
the solution of the isoenergetic or noniso-
energetic base-pressure prolem are initi-
alized and controlled.

1.0 IN0UT Reads and writes the input data to TSABPP-2
and then calculates the working input data
for the remainder of the program.

1.1.0 ABTS Afterbody subprogram which controls the cal-

culation and iteration sequences for analyz-
ing supersonic flow over afterbodies. Sub-
program determines the local inviscid flow

properties at the afterbody surface and the
final II-characteristic through the afterbody
terminus.

1.1.1 BTCNST The constants [CC,C,C.3] in the afterbody
profile equations are evaluated here for the
given input data.

1.1.2 0UTBTI Prints input data, some output data, and the
afterbody output data headings.

1.1.3 EMSPM Solves the Prandtl-Meyer function for th,
Mach Star given a turning angle of (62-81),
the approach Mach Star, and the specific heat
ratio y.
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SEQUENCE
NUMBER NAME FUNCTION

11.14 OUTBT2 Prints the local values of [X,R,M,P/PC ]
E'p

along the afterbody surface and, finally,
the overall afterbody drag coefficient C

1.1.5 MCDATA P?'thod of' Characteristics data handling sub-
routine. This subroutine loads, stores, or
shifts data in the Method of Characteristics
arrays.

1.1.6.0 Method of Characteristics subroutines.

1.1.6.1 FPS Field-point subroutine.

1.1.6.2 BTBPS Boattail Boundary Point Subroutine.

1.1.7 BTITER Iteration subroutine for determining the I-
characteristic passing through the afterbody
terminal point (X ER E), Fig. 1.

2.0 OUT1M Writes the headings and current data used
for the trial inviscid flow-field calcula-
tions.

3.0 ACPBS Calculates the flow field and the constant-
pressure boundary for either the internal
(nozzle) flow or the external (frcestream)
flow by the Method of Charactei stics for
irrotatio'nal flow.

3.1 OUTPUT Writes the headings and input data for the
inviscid flow-field calculations.

3.2 UFL0C Generates the Method of Ch7ar !teristics
data along the initial II-c;horacteristic
for uniform flow.

3.3 CNFLOC Generates the Method of Characteristics
data along the initial IT-characteristic
for conical-flow nozzles.

3.4.0 PMSBR Calculates the Method of Characteristics
data for centered Prandtl-lleyer expansions.

3.4.1 EMSPM Solves the Prandtl-Meyer expansion function
for the value of 12 given the approach My,
the turning angle (62-0 1), and the speci-

fic heat ratio y.
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SEQUENCE
NUMBLk NAME FUNCTION

3.5 OUTBDY Writes (X,RO) data along the constant-pres-
sure boundary.

3.6 KCDATA Method of Characteristics data handling sub-
routine. This subroutine loads, stores, or
shifts data in the Method of Uzaractcri-stics
arrays.

3.7.0 Method of Characteristics Subroutines

3.7.1 FPS Field-point subroutine.

3.7.2 CPBS Constant-pressure boundary subroutine.

3.7.3 APS Axis-point subroutine.

3.8 TEST Tests for terminating the inviscid flow-
field calculations.

4.0 CR0SS Calculates the impingement point of the
"corresponding" inviscid streams, the mix-
ing lengths, and the oblique shock system.

4.1 SLIP Calculates the slipline angle e for the
two impinging supersonic streams.

4.2 PRSHK Calculates the static pressure ratio across
an oblique shock wave given The approach
M*, the turning angle 6, and the specific

heat ratio y. (This routine solves the cu-
bic equation for (sip 0)2 where a is the
shock wave angle; with this solution and
the input data, all other oblique shock
functions can be found.)

5.0 TJMIX Calculates the dimensionless mass and en-
ergy transport ratios, E and £, due to the
turbulent mixing component.

5.1 TEGRAL Calculates the two-dimensionl turbuleat
mixing integrals.

('.0 ITER Controls the various iteration sequences
by first determining, if possible, the so-
lution interval by incrementing the inde-
pendent variable. After the solution inter-
val has been determined, the solution is
found by iteration using interpolation with
acceleration of convergence by Wegstein's
method [10].
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A ~~SEQUENCE ___________

NUMBER NAME FUNCTION

7.0 ERFVP BLOCK DATA. The error function velocity
profile is stored in this arra'v for

EIA=-3.5 to ETA=3.5 in increrne'r.ts of

DETA=0.02.
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APPENDIX C

PROGRAM ERROR MESSAGES

The informational error messages generated by the TSABPP-2 pro-
gram and its subroutines are summarized here with an explanation of
each error message. The order and sequence numbers of the various
routines are the same as in APPENDIX B nf this report.

SEQUENCE
NUMBER NAME MESSAGE/EXPLANATION

-- TSABPP-2 :MAX1MUM NO. OF BASE PRESS. ITERATIONS EXCEEDED::::::
.,:-::BPRL=X. XXXX BPR=X. XXXX BPRR=X. XXXX*:::::

If a base-pressure solution is not achieved
within IBPR.LE.IBPRMX (currently IBPRMX=20),
the current case calculation is terminated
and the next case or configuration is consid-
ered. At termination, the current values of
the base-pressure ratio, BPR = PB/PE, as well
as the lower and upper bounds or' the solution
value, BPRL and BPRR, respectively, are also
printed.'

::::MAXIMUM NO. OF BASE PRESS. ITERATIONS EXCEEDED::s:
;V::BPRL=X. XXXX BPR=X. XXXX BPRR-X. XXXX*::':
:":::PROBABLE FLOW SEPARATION FOR SPECIFIED DATA::::::::::

This situation is similar to the preceding
case; however, the trial value for the hase-
pressure ratio, BPR, is greater than or approach-
ing the value corresponding to separation of
the intPrne] nr c-xternal flow. The separation-
pressure ratio is determined iirom an empiri-
cal expression [*J.
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i SEQUENCE
NUMBER NAME MESSAGE/EXPLANATION

1. ""MAXIIJM NO. OF NO-S0LUTION TRIALS EXCEEDED:::::

'i No-solution trial cases occur when

, (i) there is insufficient data to calcu-
('1 late the inviscid boundaries' impinge-

ment point,

(ii) the boundaries do not impinge, and

(iii) the boundaries impinge, but the slip-
line solution does not exist.

In the course of the base-pressure solution
iteration, a case calculation is terminated
if a total of NOSOLN.GT.N0SMAX (currently

5 N0SMAX=10) no-solution trials occur for a
given case. Note that error messages related
to (), (ii), and (iii) are generated by the
appropriate subroutines; i.e., (i) and (ii)
from CROSS and (iii) from SLIP.

1.0 INOUT None

]1.0 ABTS None

1.1.1 BTCNST None

1.1.2 OUTBnl None

1.1.3 EMSPM See message for EMSPM under S/N 3.4.1.

1.1.4 0UTBT2 None

1.1.5 MCD4TA None

1.1.6.0 Method of Characteristics subroutines.

1.1.6.1 FPS See messages for FPS under S/N 3.7.
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SEQUENCE

NUMBER NAME MESSAGE/EXPLANATION

1.1.6.2 BTBPS ...*CONVERGENCE ERROR IN :CBTBPS;:, (NCOUNT,DIFF'Yu:::

Convergence failure iii iteration for MW ' along
the afterbody boundary. Convergence to a nor-
malized difference in M between successive
trials of .LE. 10- was not achieved before
NC0UNT.GT.NCTMAX occurred (currently NCTMAX=15).

(NC0UNT,DIFF) printed are the current itera-
tion number and normalized difference in M"'.

::::-ERROR IN :*BTBPS:: CALC.-':::

If either (M* < 1) or (M* > M X) occurs dur-
ing the iteration for M* along the solid boundary,
the above message is printed and a return
is made tc ABTS.

1.1.7 BTIIER :- "::MAX N$. ITERATIONS EXCEEDED IN SBR. BTITER.
G0 T0 NEXT CASE.

The i-characteristic passing through the ter-
minal point of the afterbody could not be
determined within the specified number of

iterations (currently, I). Return is made
to IN0UT and the next configuration is analyzed.

2.0 0UT1M None

3.0 ACPBS None

3.1 OUTPUT None

3.2 UFL0C None

3.3 CNFL'C None

3.4.0 PMSBR None
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SEQUENCE

NUMBER NAME MESSAGE/EXPLANATION

3.11.1 EMSPM ::"ERROR IN -EMSPM-::::

Messdge results from the specification of

a turning angle, which is either,

(i) greater than the turning angle corre-
sponding to sonic flow after a rcvcrsi-
bZc compression or

I" (ii) greater than the maximum turning angle
for a r versible expansion.

.::,CONVERGENCE ERROR IN EMSPM,(NIT,DIFF0):::"

Convergence failure of the iterative procedure

used to solve the Prandtl-Meyer function for

the Mach 'tar after the expansion (or compres-
sion). 'he values of NIT, current number
of iterations, and DIFF0, the normalized dif-

furuincc between successive values of the Prandtl,-
Meyer omega function, are printed. Currently,

the maximum value of NIT is specified as NITMAX=20.

3.5 0UTBDY None

3.u, MCDATA None

3.7 FPS Method of Charactcristics subroutines:

CPBS
APS :::-:C'-CNVERGENCE ERROR IN -FPS::, (NC$UNT,DIFF):":-_

::CPBS::
I ::APS::

Convergince failure of the Method of Charac-
tc'iticu calculations within the specified
subroutine. NC0UNT gives the current itera-
tion nubnher (a maxi mum of fiftePnT) and DIFF,
the current value of the normalized differ-

t nce junction on which the convergence cri-
tenri is based.
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SEQUENCE
NUMBER NAME MESSAGE/EXPLANATION

....ERROR IN "FPS-' CALC.*-*
*CPBS*:
APS "

The Mach Star becomes less than one or a boundary
point calculation crosses the axis. The for-
mer usually results from wave coalescence and
"foldback" while the latter could occur for
the external-flow boundary calculations in
the vicinity of the axis.

3.8 TEST None

4.0 CR0SS :::::IMPINGEMENT OF THE INTERNAL STREAM OCCURS
BEFORE SEPARATION OF THE EXTERNAL STREAM"..... ..
IMPINGEMENT OCCURS AT X = AND R

:::c:::IMP I NGEMNT OF THE EXTERNAL STREAM OCCURS
BEFORE SEPARATION OF THE INTERNAL STREAM:::::,
IMPINGEMENT OCCORS AT X = AND R

The inviscid internal and external streams
do not impinge downstream of their separation
points, but rather one of the streams would
impinge on a solid boundary prior to the sepa-
ration of the other stream. These cases are
considered to be no-solution trials.

:..;IMPINGEMENT DOES NOT OCCUR
WITHIN THE RANGE OF
CONSTANT-PRESSURE BOUNDARY
DATA.:::::

Insufficient external or internal boundary
data are available to determine an impinge-
ment point between the flows. These cases are
also considered to be no-solution trials.

4.1 SLIP .::'C0NVERGENCE ERROR IN SL P, (NIT, PRUI FF)"""

Convergence to the slipline solution was riot
achieved within the maximum number of itera-
tions specified (currently NITMAX=lS). NIT
is the current iteration trial- and PRDIFF
is the normalized pressure ratio difference

function.

121

II



SEQUENCE
NUMBER NAME MESSAGE/EXPLANATION

'*':SOLUTION FOR SLIPLINE ANGLE DOESN'T EXIST-;---

A regular slip.ine solution with weak shocks
does not exist for the trial impingement data.
This case is considered as a no-solution trial.

14.2 PRSHK None

5.0 TJMIX None

5.1 TEGRAL None

6.0 ITER None

7.0 ERFVP None
(BLOCK DATA)

i
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APPENDIX D

MODIFICATIONS FOR OPERATION OF TSABPP-2

ON AN IBM 7094 F0RTR.A IV IBtJOB SYSTEM

ADPFNDIX D IS DIVIDED INTO THREE PARTS. THEY APE AS POLLOWS:

1. MODIFICATIONS, IN T' ARP-? WF~uIRED FC)W 1DM -709 DPEPAT ION
1II. TSAAPP-7 INPUT DATA FORMAT FOP 1HE 3PAM 700 4 \/CRSION

Ii1i. CONTROL CAWDS FOR OPI-NATIN, TSABD'-2 ON AN IBM 70')4 UNDER IDIJOik CO)NTROL

MODIFICATIONS IN t5AtAPP-2 RuOUloro FOP 11OW 7094 OPERPATION
(SEE *NOTE* ON :DAGU 127 BL' ORE CHANuING PROCGUAMU

~ "VRSfN -- OR IfN 7flR4, WITH' ORM l-LI iIPTINh ADDED TO P~fr'tA W6 TI '- 4

N4NPI INCHI,PR)IEI1, PRI L PIDI IINSE(APE , NP TSEI, PR I I1II MAIN 4")

15 NDIEFL T MAIN 4ASS

NOil P.I - 0) MAIN 46",

C INfO'! 1. INPU11T BY NAWt-LI1STH/DATAIN/ OINLY.- THjA DLF'.'lLT I N))' 2
CCARDS FnI~MII THE FIRT CARD--- SOATLIN 'OPT? S N)' "

C z I, INPUT S PEUCI I F) BY NAmILIST /DATAIN/ F:OR L.,V WLA T I UN IN(I 11 26f-0
Ct4 INPUJT SPEC IF IED) BY NAME L!Ii /DATAIN/ FOUR CALCIILAT I (N 1IN);'"' )

C NDF :LT I , THE VAR IA AIS AR IEST ID TO E 'DEM~ ON-I' ' RA) PNIN) N

c ~ ~~ AFTER THE CASE( SET IF PMTSOIRT RATIOS) I IS CI)NPLLIED [. : NUH
C (IF THEF CASE. I NI1 3-4

C ---i CHANG;IN); THE- VALUE O. '-NEDl-LI' WILL INS! AFI:CIT[HE IRI ('.5
C CASE SUCCEEDING THE CASE IN WHICH) IT IS CEIANG?1l. I NO)'AI"6

*'C *CARD I'' ANY ALPNANIIWERI: HEAPING IN CnOuMNS I TIo Ho. INn))l 7''
C FOLLOWING CARDS CONTAIN *NAMELIST*- [DATh SPECIIED B-LOW--- IN01 75/
C INDO 71,7
C IDATAIN XIRInBTl~,CxAMAfF lITflnCDP INn)) I,)

C NSHAPr.X2&.,R2I.NET2=,XlT-RIE=,GCFt,AMMAE..EMNEF , INOPT=, I ND 7 10
C N PRI NTK-, N PLUNC H, KPMESIR-, NC A r, ,PNk.-, BNkO-,FkMI , N D F FL c, s INCH) 7 I I
C **CARD 1"* ANY ALPHANCIMENI- HEADING IN COLUMNS I 10l MC. INO) 1,SP (
C FOLLOWING CARDS COENTAIN *NAME:LIST* DATA SPECIFIED BLOW--- I NDI 85',
C I N00I H860

c I V INSHAPT -0i (IUL-FAULT VALUE I I NO)) 87D
C SUATAIN NIIE,E*MNL1t,E-MNi:-NCASEX.PR'.........,NOEFLT-, s INOti 880,
C I NO' 1 '4 1 n
C IF NSHAPE=,2v3 (SPECIFIEDJ BELOW) INOU 900

C SOAIAIN RIfMISNHPEI2,II NLNAE INDU 41ll

C PR--,-,...,N0EFLT-, S 1N140I 920)
C **CAlD)) Q** ))UMMY CARO. C[JNTENT IS ILNORED. I NDO 91')

A " *CARD I** IDATAIN INUPIT-2 s I Nn) 'ahD

C NOTE THAT THERE ARE 17-NNCASEi:) DATA CARDS PER CASE. INIIIJIltlI
C "*CARD 0*" DUMMY CARD). CONTENT I!, IGNORE4D. INIII 1?
C "1CARD 1"* ANY ALPHANUI MERIC HEADING IN COLUMNS 1 TO Ro. IN qIR

C FLLUNINI; CARDS C PNIAIN ,NAMLLIST' DATA SPE CIFIED BELOW--- INI11 Q
C IN90) IIQH

C IIIATAIN INi)PT3,FMNIk,BETU1I-,R1lINCASEPR--,-,....GAMMAE 1N011I10

C NIIFFLT=, I INIII 1)0
C #*CARD 0"* DUMIMY CARO. CUNTENT IS I),NORED. INOIJII.'2
C "*CARD) I** ANY ALPA&L)iMtMIC HFAD)ING IN COLUMNS 1 F 1 110D. IN,11L1.I12S
C FOLLOWING CARDS CONTAI1N 'NAWLIST' DATA SPECIFIED BELOW--- INntiIZSt,

C IND~iI?S"m
C SOATAINI INII)IT=4,PJCASL.,E-MNLx,NSHAPES, METD2I=,RE-XIE-,MIF'. INrl26Dt,
C Pk--,.. .,CAMMAE,NOEFLT., s INCIII127.J

4 NPiINCH,PRIIE-rl ,PR(IIE,PDI1F)1,NSHIAPF,NPTSE,PRJIIE, INrn)I4?o
S) NoI-ELT INnl'

NAMELIST /DATAIN/ XlI,RlI,IT)I,C,AMA,MNII,NSHiAPE,XE,R2E, IND,1I rD

-I2 IN(PTNPRINT.NCASE.NPIIN(H,KPMV'R,'NdiRD,I), IlEDI)1(
I NIITEL1 I IV '11) '.7',

C"'''*SRIPl '['EFAULT C(lNFIGU'IATiDN* DEF-INITION IF NDEFLT-l. I111'114"3
IF (NDEFL1.NF.O) GO TO 9 IN)))))497

C*'**REAI' HEADING CARD. N11H3
449 READ i fI A I NilI H!',

C'4****REArl INPUJT DATA HY NkMfLIST tlDATAIN/ * IUDIIH4O
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TSABPP-2 INPUT DATA FOPMAT FOP THE 1DM 7094 VEPS;ION

C***6ScOMPLFTF INPUT DATA FOR DEFAUJLT OPTiON (INOPT1I). I NOJ 740

c I Nn' 750
C v6CARO j** ANY ALPHANUMERIC HEADING IN COLUMNS I TO 80. INfO 755

AC FOLLOWING CARDS CONTAIN SNAMELISTS DATA SPECIFIED BELOW--- 1NOU 756
o INOU 757
C IDATAIN X11,.RlI.BFTOI>.=GCI*,GAMMAI=,MNIIt,TROEIZ,BEC~MP=, INn)) 760

c NSHAPFe.X2EtR2E,RTFTE,XEtR1E,GCF=,GAMMAES.EMNE.,INDPT-, INOLJ 770
C NPRINT=,NPONCH.,KPRESR=,NGASE=,PRZ,8R0=,ERD..NDEFPLTM, I INO 780
o INOU 790
C IT IS NOT NECESSARY TO SPECIFY ALL OF THEF VARIABLES SINCE ALL OR INOII BOO
C PART OF THE DEFAULT CONFIGURATION CAN BF )JSFD. HOWEVER. THE INDLJ 810
C FOILLOWING MINIMUM DATA MUST BE SPECIFIED FOR EACH CONFIGURATION INOU 820
C (SEE TABLE 1, RD-TR-69-14). INfO 830
C I NDO 840
C **CARD I6* ANY ALPHANUMERIC HEADIN IN COLUMNS 1 10 80. INOD 850
C FOLLOWING CARDS CONTAIN *NAML[ST* DATA SPECIFIED BELOW--- INOU R55
C INOh 860
C IF NSHAPE=O (DEFAULT VALUE) MND 870
C SUATAIN R1IZEMN1I,EmNENSASE*,PR=-.-g...,NDEFLT., $ INOU 880
C INO 890
C IF NSHAPE l,2.3 (SPECIFIED BELOW) INO 900
C SOATAIN R1I,*EMN1It,NSHAPE-,BETD2E.,XIFa.R1E,EMNENCASE, INOU 91U

C SR.....NELu $ ND) 920
C 2ND)) 930
C*666*INPU)T DATA AND FORMATS FOR OPTION z (INOPTr2). INO 940

*c INfO 950
C **CARD 0** DUMMY CARD. CONTENT IS IGNORED. INO 955
C **CARD I&* SOATAIN lNDPTs2 $INJ 960

c; **CARD 26 ANY ALPHANUMERIC HEADING IN COLUMNS I TO 80. INO 9"0
C **CARD 3*6 x11, 811. BETO11, GCI, GAMMAI, EMNIl. INO 980
C NSHAPF )6F10.6.I1) INOD 990
C IF NSHAPE - 0, CARD NO. 4 IS-- INOL)1000
C #*CARD 466 x1E, RIE, GCE, GANMAF, EMNE 15F10.6) iNOU1O10
C INOU1020
C IF NSHAPE 1.2. OR 3, CARD NO. 4 IS-- INOU1030
C **CARD 4*6 X2C. R2E. RETD2E, XIE. RIE, GCE, INOUi1040
C GAMMAF, EMNE (BF1O.6) INOU1050

* C IrOU1D6O
C **CARD 5*6 TROl. RECOMP INOUI1070
C **CARD 66* NPRINT, NCASE. NPONCH, KPRESR (120,13211) INOUIORD

INOU1090

C IF ((PRESR - 0, CARD NO. 7 AND FOLLOWING ARE-- INDIII 100
*C **CARD 7 AND FO) LOWING66 PRITE, BLDOD ENGRO (3F10.6) INOOIlDO

C INOL)1 120
C IF KPRESR - 1, CARD NO, 7 AND FOLLOWING ARE-- INOUTO1
C *6CARD) 7 AND FOLLOWING** PR011, BLDRO. ENrRO (3F1D.6) INOU1140

C I NOM~ 150
C NOTE THAT THERE ARE (7+NCASEI DATA CARDS PER CASE. INOt I1160
C 1N01J1 170
066***INP)T FOR INTFRNAL-FLOW CUINSTANT-PRESSURF BOUNDARIES C INOPT=3) I NOt I RDF

r I~nD) 1190
L **CARD It* ANY ALPHANI)MEWIC HEADING IN COLUMNS 1 TO 80. INODI14

C FOLLOWING CARDS CONTAIN *NAMELIST6 DATA SPECIFIED BELOW--- 1NO[111A
c INDUC 1%
C SOAT A IN INOPT3,EMNII.BFET)111-,RIIS,NCASE.,PR--,-,.GAMNAE=, InDI) 1200

C NOEFLTt, s INO)11210
C I NDIl122O
C*****INP))T FOR FXTERNAL-FLOW AFTtR800Y AND/DR CONSTANT-PRESSURE I Nno)I23Dr

*C BOUNDARIES )INOPTrA) IN001 240

c INOUI25D

C v6C~f A R 6 ANY ALPHANUMERIC HEADING IN COLUMNS 1 70 80. I'JOlJ1254

PR-.,..AME.DFTFLLOWING, CARDS CONTI *NARLST DATA S"FC IFI ED BELOW-- I NDiiI?5 6

5DATA IN INI)PT=4,NCASE=,E-MNE,NSHAPE.PFTOER2E, ItlEr,R 11', I NO)1 Aull

12'4
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CONTROL- CAOS FOP ODPATING TS&8PP-2 ON AN IBM 7094 UNDER 18308 CONTROL

SID 1IBnR SPRLJELL.BASF 'RFSSURE: PRC-flRAM

SJGBOP MAP.OLflGTc,ALTIQ

SIFEFTC MAIN

SIFIFTC I NflJTXY
SIRPTC OtLTMX
SIRFMO ACPBSX
SIflFTC C.R SSX(
S IRFIC TJMIYX
SISFTC OLJI2MX
SIRFTC ITTRX
SIBFTC &BTSX
S IRFTC RTCNSX
SXBFTC OTNRT1IX
SIAFIG RTRPSX
SIBFTC OTHTZX
SIBFTC RTITEX
SIRFIC IIFLOCX
S1RFTC ONFLOX
SIBFTC PMSRX
SIBFTC EMSPMX
SISFYTC rIUTBYX
SISFYC MCIIATX
IIBFTC FPSX
SIBFTC APSX
SIRFIC CPBSX
SIBFTC OJT PT X
SIAFTC TESTX
SIRFYC SLIPX

SIHFTC PRSHKX
SIRFTC TEGRL.X

SIHFTC PLOATA

.1 SOATA
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APPENDIX E

MODIFICATION OF TSABPP-2 TO SIMPLIFY INPUT FOR PARAMETRIC STUDIES

'H-E NDEPLT OPTION PERMITS SIMPLIFIED DATA INPUT IN PARAMETRIC V(ARIATION STUDIES.
i.E.. SiHEN A LAPGE NUMBER OF CAOES ARE RUN4 WITH ONLY ONE 0P TWO PARAMETERS
CHANGED IN t ACH CASE. THIS OPTION CAN ONLY 13E USED WITH INPUT OPTION', 1.3. ANDA
(INOPTZI.2. UR 41. rD USE THE OPTION, THE (AQUL, LISIEO BELOW MUST ME ADDED
TO TSA3OP-2.

IN THE FIRST CATS OF THE SERIEiS. SET NOSFLT.I AND DEFINE THE CNIAIO N (TE

T EFAUL1 CONF1003ATION IS AVAILABLE AT THIS POINT). IN EACH SUCCEEDING CASE.
O:NL Y DAATr WHICH DIFFER FL40M THE PREVIOUS CASE NE ED TO Dr SPECIFIED IN (HE

IN~~'jTO FPTACSE INOTHER WO LIS. 41IT- NDECFLTNI. THE INPUT PARAMETERS FOR
EACH CAS, Apr NOT R-SET To THE VALUE S07CIrILD BY THE 0 FAULT CONFIGURATION.
IEEFPAGF t 28. 30 ANO 31 ~OP Tpr I)CFFALT lCONFIGUPQATION ,WHEN INOOTSI. 3. OR A.

RERFPCTIV hLVI NORMAL OPERATION QF THE aROGMhM CAN BE PESLMED 13Y SPECIFYING
SE EFLT=,l IN rHr LAST CASE OF I-iT PAAMETRIC. VARIATION. WHEN NDFFLT. THE INPUT

aLAMIERIS OP 3 EACH CA&S! ARE RESETaT7 THE" VALUEFS SPECIFIFr IN THE DEFAULT

CON IGU4 A~ IO0N.

A S AMPLIE PUN SIT FOP THE 1N3m 7394 IS GWEFN BELOW.

PARAMETRIC VARIATION IN EMNE FEBRUARY 1970 EMNF -3. *
SDATAIN .zPRE:iR.O. NDEFC'T.I, RIIOC.6. EMNI I.2.5, EMNEJ.,5. INOPT-l. NCASE.7.
DW(II-O.5. RIa.lPP'31'A.O. PR4IA .O, PP(5)=e.O. DRAISIO0.D, PPI7I-lP'.O Z

rALAMETRIC VARIATION IN EMNE FEBILuAQY 1970 EN-.

SDATAIN CMNIA.O
PAl0av-T!RIC VASIATI)N IN EMNIL V3 0 0 1970 EMNF5.O0
SDATAIN EMNTS-.I s

PARAMEiTRIC VARIATION IN EMNE FJOPUADY 1970 EMNE.7.O
*SCATAIN EMNES-7.O s

MODIFICATIONS IN TSABPP--? REOUIPErD TO ADO THE NDEFLT OPTION

N4OTF---CAr)S WITH NUMBERS ENDING IN 0 ARE' REPLACEMENT CAPOS. ALL OTHERS APE

TO FIE INSER
T

E-D IN NUMERICAL SEQUEJINCE INTO THE PROPFW SURROUTINjE.
FWAMPLE. CARD INO 183 RFPLACFS THf CAPED HAVIN-s THAT NUMB3ER IN
.,3ROIJ)INF INOUT. W-'ILlE CARD0 INCUY 3,3 1'- INSERTrO) AFTER CARD)
INOU 35n ANDI 9EF-OPF CA~RD INrti 260.

Cs****VFRsiI1N --- *NOFFLT OPTION* AUfFIFI TO PkrOGRAMA. MAIN 64
C MAIN 66

4. NPIINCH. PRIJEI1IPROTIE.pnipmflNSHAPFi,NPTSE.PP.IliE, MAIN 4

5NEELT MAIN 455
NnEFLI - 0 MAIN 4f,1

C NOEIFLT = 0, THE VARIARLES ARF RESET TOl THE ADEFAIILT CDNEIGI!RATIOINOINOU 351
C AFTFR THE CASE (sET OF PRESSIR- RATiIISI IS COMPLEFTED. I NDLJ 352
C. . 1, THE VARIARLES M LL- NT BiE RFSFT Al UpoN COnMPLETI[N I NU 15 3

c OF- THE CASE. I N111 1 14
C NOTE --- CI-ANFING THE VALUJE 09 SNEOEPLTS WILL f-IRST AF%;FCE THE I NOI 3 5

CASE- SIICCI'FI)INC. THEI CASE IN WHICH IT IS C14ANGED. I(13U) 356
C I NIPTNPWIN I., N PiJNC H , K P 4ESR NC A SEPRQFkRf.,EFR CJ..NDIFEEELI.+EN D I01 t Tl RO

G.AMMAI,"NFI -LT, *F NII mn,11 ,21044 NPkINCH,PR0EfI, pRnlI, Prl!FnI 1'HAPE,NPTSF, PRI IIF, IKI)II14?fl
1) NrlV-ELT I Pn- I' I4?2S
2 NYPR INT ,.NCA SI, NPIIqC H, KPJL S, PR, RRO,ENII, NOFFLT INfI 1471'

9 4FAII I5.TlATAI T101J1140
tC!*c**<I P *nF IALILT COiNEI GIIQAT IDN* OF F IN IT IO(N I F NO~f L It) INOU14Q3

VIF- INOFFLI.NE .aI GO TO 9 1 "dl) 7
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